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Polar code encoder with a generator matrix of size NxN to
generate an initial bit sequence {S,, S,, ..., S,_,} of bits,
where K and N are both positive integers and K 1s less than
or equal to N; dividing a circular bufler into q parts, selecting
bits from the initial bit sequence {S,, S,, ..., S,._,} in a
non-repeated manner, and writing the bits into the q parts of
the circular buller according to a predefined rule, where g=1,
2, 3 or 4; and sequentially selecting a bit sequence of a
specified length from a predefined starting position 1n a bit
sequence 1n the circular bufler and taking the bit sequence of
the specified length as a bit sequence to be transmitted.
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FIG. 2

Concatenate K information bits and (N-K) frozen bits to generate a bit

sequence of N bits, and encode the bit sequence of N bits by means of

a polar code encoder with a generator matrix of size NxN to generate 302
an 1mitial bit sequence {Sq, Si,...,5n.1} of N bits, where K and N are

both positive integers and K 1s less than or equal to N

Divide a circular bufter into q parts, select bits from the initial bit

sequence {Sg, S1,...,59n.14 1n a non-repeated manner and write the bits 304
into the q parts of the circular buffer according to a preset processing

rule, where g=1, 2, 3 or 4

Sequentially read a bit sequence of a specified length from a preset
starting position in an bit sequence obtained in the circular buffer and 300
take the bit sequence of the specitied length as a rate matching bit

sequence to be transmitted

FIG. 3
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METHOD AND APPARATUS FOR
PROCESSING RATE MATCHING OF POLAR
CODES

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent document 1s a continuation of and claims
priority to International Patent Application No. PCT/
CN2018/071956, filed on Jan. 9, 2018, which claims the
benefit of priority of Chinese Patent Application No.
201710014289.6, filed on Jan. 9, 2017, and Chinese Patent
Application No. 201710056532.0, filed on Jan. 25, 2017.
The entire contents of the before-mentioned patent applica-
tions are mcorporated by reference as part of the disclosure
of this application.

TECHNICAL FIELD

The present disclosure relates to the field of communica-
tions and, for example, to a rate matching method and device
for a Polar code.

BACKGROUND

In the related art, Polar code 1s a rigorously proven
constructive code capable of reaching a channel capacity
and satisfying requirements of the fifth generation radio
access technology (5G RAT) for the throughput and latency
in the communication. A codeword obtained from the Polar
encoding may be expressed as x=u-G,, where u=(u,, . . .,
u,,) consists of information bits and frozen bits. The nfor-
mation bits may include one or more check bits. The check
bits may be generated through parity check encoding, cyclic
redundancy check encoding, RS encoding and the like. The
frozen bits are known bits 1n the encoding, and generally are
0 or pseudo-random bits.

The structure of the Polar encoder of length N may be
obtained by a recursion of two encoder of length N/2. FIG.
la and FIG. 15 are schematic diagrams of a recursive
structure of a Polar code in the related art. FIG. 2 1s a
structural diagram of a basic unit of a recursive encoder
structure of a Polar code 1n the related art. As shown 1n FIG.
1a, FIG. 15 and FIG. 2, a unit (N=2) of a recursive structure
1s the basic unit shown 1n FIG. 2.

The length N of a data bit sequence obtained from the
Polar encoding 1s a power of 2 and unnecessary bits can be
discarded 1n a puncturing or shortening manner to perform
rate matching for the transmission of any code length.
Different code lengths and code rates correspond to different
rate matching patterns. Therefore, different hardware mod-
ules are needed to implement the rate matching, thereby
resulting 1 high complexity of Polar code hardware in
different application scenarios.

No eflective solution has been proposed for the problem
in the related art of high complexity of Polar code hardware
for transmitting a bit sequence of any length.

SUMMARY

The present disclosure provides a rate matching method
and device for a Polar code to solve at least the problem 1n
the related art of high complexity of Polar code hardware for
transmitting a bit sequence of any length.

The present disclosure provides a rate matching method
for a Polar code, including: K information bits and (N-K)
frozen bits are concatenated to generate a bit sequence of N
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2

bits, and the bit sequence of N bits 1s encoded by means of
a Polar code encoder with a generator matrix of size NxN to
generate an initial bit sequence {S,, S,, ... S,_,} of N bits,
wherein K and N are both positive integers and K 1s less than
or equal to N.

A circular buffer 1s divided into q parts, bits are selected
from the initial bit sequence {S,, S,, . .., S, ,} in a
non-repeated manner, and the bits are written 1nto the q parts
of the circular butler according to a predefined rule, where
qg=1, 2, 3 or 4.

A bit sequence of a specified length 1s sequentially
selected from a predefined starting position 1n a bit sequence
in the circular bufler, and the bit sequence of the specified
length 1s taken as a bit sequence to be transmitted.

In some embodiments, the K information bits may include
check bits.

In some embodiments, the predefined rule 1s determined
by a one-to-one mapping interleaving function 1(n) gener-
ated according to a data characteristic of the Polar code,
where n=0, 1, . . ., N-1, f(n)=0, 1, . . . , N-1, n 15 a bt
position index in the imtial bit sequence, and i(n) 1s a
position index in the circular bufler; and selecting the bits
from the initial bit sequence {S,, S,, . . ., S,.,} in the
non-repeated manner and writing the bits into the q parts of
the circular buller according to the predefined rule includes:
mapping a bit S with a bit position index n in the mitial bit
sequence onto a position with a position index 1(n) in the
circular bufler according to the one-to-one mapping inter-
leaving function 1(n).

It is to be noted that since a mapping {n}—={f(n)} is a
one-to-one mapping, an verse function p(n) of {(n), which
satisfies a mapping {p(n)}—{n}, exists. That is, the pre-
defined rule may be determined by a one-to-one mapping
interleaving function p(n) generated according to the data
characteristic of the Polar code, where n=0, 1, . . . , N-1,
p(n)=0, 1, ..., N-1, p(n) 1s a bit position index 1n the nitial
bit sequence, and n 1s a position index 1n the circular butler.
Selecting the bits from the initial bit sequence {S,,
S.. ..., S, _;} in the non-repeated manner and writing the
bits 1nto the q parts of the circular buller according to the
predefined rule includes: mapping a bit S ., , with a bit
position index p(n) 1n the nitial bit sequence onto a position
with a position index n 1n the circular buller according to the
one-to-one mapping interleaving tunction p(n).

In some embodiments, the one-to-one mapping interleav-
ing function 1(n) has the following nesting characteristic: a
mapping {n,}—{f(n,)} may be obtained by deleting an
element greater than N, from a sequence {n} and a sequence
{f(n)} in a mapping {n}—{f(n)} of the one-to-one mapping
interleaving function, where n,=0, 1, 2, . . ., No-1 and N,
1s a positive mteger less than or equal to N.

In some embodiments, selecting the bits from the initial
bit sequence {S,, S,, ..., Sy_, } in the non-repeated manner
and writing the bits into the q parts of the circular bufler
according to the predefined rule includes: mapping a bit S,
with a bit position 1ndex n 1n the 1nitial bit sequence onto a
position with a position index mod(i(n)+m, N) in the circular
bulter, wherein m=0, 1, . . . , N=1, m 1s an oflset and
mod(x1,x2) represents a remainder of a division x1/x2,
where x1 1s an integer and x2 1s a positive integer.

In some embodiments, the data characteristic includes at
least one of: a transport block length, a code rate, a number
of available physical resource blocks, a modulation and
coding level, a user equpment type index and a data
transmission link direction.

In some embodiments, the predefined starting position
includes one of the following:
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A starting bit position of the bit sequence in the circular
butler 1s taken as the predefined starting position.

A position of P,=M-1 1n the circular bufler 1s taken as the
predefined starting position, where P, represents a position
index of the bit sequence 1n the eireular buffer and M 1s a
length of the bit sequence to be transmaitted.

A position of P,=N-M 1n the circular bufler 1s taken as the
predefined starting position, where P,, represents the position
index of the bit sequence in the circular bufler, M 1s the
length of the sequence to be transmitted, and N 15 a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

In some embodiments, the predefined starting position 1s
determined by a code rate of the Polar encoding.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding.is less than or
equal to a predefined threshold, the position of P,=N-M 1n
the circular bufler 1s taken as the predefined starting posi-
tion, where P, represents the position index of the bit
sequence 1n the circular bufler, M 1s the length of the bat
sequence to be transmitted, and N 1s the length of the initial
bit sequence.

It 1s to be noted that since the predefined starting position
1s selected according to the code rate of the Polar encoding,
when the code rate of the Polar encoding 1s greater than the
predefined threshold, the predefined starting position 1s
determined by one of the following manners:

The starting bit position of the bit sequence in the circular
butler 1s taken as the predeﬁned starting, pesrtlen

The position of P,=M-1 1n the circular bufler is taken as
the predefined starting position, where P, represents the
position mdex of the bit sequence 1n the eireular builer and
M 1s the length of the bit sequence to be transmitted.

The ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

When the circular bufler 1s composed of a sixth part, a
seventh part, an eighth part and a ninth part arranged
sequentially, a starting bit position of the seventh part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the eighth part of the
bit sequence in the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the eighth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the ninth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, if Mst,+t,, a position of P,=t,+t,+M-1 1s
taken as the predefined starting position; if M>t.+t,, a
position of P,=M-1-t,—t, 1s taken as the predefined starting
position, where M 1s the length of the bit sequence to be
transmitted, t5 1s a length 1n bits of the sixth part, t, 1s a
length 1n bits of the seventh part, t; 1s a length 1n bits of the
eighth part, and t, 1s a length 1n bits of the ninth part.
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When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the sixth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular butfler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, 1 M=t +t,, a position of P,=t.+t;—M 1s taken
as the predefined starting position; if M>t +t,, a position of
P, =N+t +t,—M 1s taken as the predefined starting position,
where M 1s the length of the bit sequence to be transmitted,
t. 1s the length 1n bits of the sixth part, t, 1s the length 1n bits
of the seventh part, it 1s the length 1n bits of the eighth part,
and t, 1s the length 1n bits of the ninth part.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, the starting bit position of the ninth part of the
bit sequence in the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the seventh part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, the ending bit position of the sixth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the predefined starting position
may be determined by the following manner:

When the code rate of the Polar encoding 1s greater than
the predefined threshold, the starting bit position of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, a mother code of the Polar code

has a length of N=2"082&R)+" wherein | ] represents a
ceiling operation, R 1s a code rate and m1s a pesmve integer.
In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing bit reversal order (BRO)
interleaving on the initial bit sequence {S,, S;, . .., Sy, }.
and a bit S, with a bit position index n in the initial bit
sequence 1s mapped onto a position with a position imndex
mod(BRO(n)+m, N) 1n the circular bufler by means of a
BRO interleaver, wheren=0,1, ..., N-1, m=0,1, ..., N-1,
m 15 an oflset and mod(x1,x2) represents a remainder of a
division x1/x2.
In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing bit reversal order (BRO)
interleaving on the initial bit sequence {S,, S;, . . ., Sy}
and a bit Sn with a bit position mdex n 1n the initial bat
sequence 1s mapped onto a position with a position mdex
N-1-mod(BRO(n)+m, N) 1n the circular bufler by means of
a BRO interleaver, where n=0, 1, . . . , N-1, m=0, 1, . . .,
N-1, m 1s an offset and mod(x1,x2) represents a remainder
of a division x1/x2.

In some embodiments, sequentially selecting the bit
sequence of the specified length from the predefined starting,
position in the bit sequence in the circular bufler and taking
the bit sequence of the specified length as the bit sequence
to be transmitted 1ncludes:

Bits are sequentially selected 1n an ascending or descend-
ing order of indexes from a predefined position 1n the bit
sequence 1n the circular bufller, when reaching to an end of
the bit sequence in the circular bufler, the selecting 1s
continued from an other end of the bit sequence in the
circular bufler until the bit sequence of the specified length
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1s selected, and the bit sequence of the specified length 1s
taken as the bit sequence to be transmitted.

In some embodiments, when a code rate of the Polar
encoding 1s less than or equal to a predefined threshold, a
position of P,=N-M 1n the circular bufler i1s taken as the
predefined starting position and M bits are sequentially
selected 1n an ascending order of indexes; when the selecting
goes to an end of the bit sequence 1n the circular bufler, the
selecting 1s continued from an other end of the bit sequence
in the circular bufler, where P, represents a position index of
the bit sequence 1n the circular builer, M 1s a length of the
bit sequence to be transmitted, and N 1s a length of the nitial
bit sequence.

In some embodiments, when a code rate of the Polar
encoding 1s greater than a predefined threshold, a starting bit
position of the bit sequence 1n the circular bufler 1s taken as
the predefined starting position and M bits are sequentially
selected 1n an ascending order of indexes; when the reading
goes to an end of the bit sequence 1n the circular bufler, the
reading 1s continued from an other end of the bit sequence
in the circular builer, wherein N 1s a length of the mnitial bat
sequence.

In some embodiments, the bit sequence to be transmitted
1s arranged 1n a same order or 1n a reverse order of the bit
sequence of the specified length read from the circular
builer.

The present disclosure turther provides a rate matching
device for a Polar code, including a generation module, a
writing module, a selecting module and a determination
module. The generation module 1s configured to concatenate
K information bits and (N-K) frozen bits to generate a bit
sequence ol N bits, and encode the bit sequence of N bits by
means of a Polar code encoder with a generator matrix of
size NxN to generate an initial bit sequence {S,, S, . . . .
Sv_;} of N bits, where K and N are both positive integers
and K 1s less than or equal to N. The writing module 1s
configured to divide a circular bufler into q parts, select bits
from the initial bit sequence {S;, S,, . . ., Sy} in a
non-repeated manner, and write the bits into the q parts of
the circular bufler according to a predefined rule, wherein
g=1, 2, 3 or 4. The selecting module 1s configured to
sequentially select a bit sequence of a specified length from
a predefined starting position i1n a bit sequence 1n the circular
bufler. The determination module 1s configured to take the
bit sequence of the specified length as a bit sequence to be
transmitted.

In some embodiments, the predefined rule 1s determined
by a one-to-one mapping interleaving function i{(n) gener-
ated according to a data characteristic of the Polar code,
wherein n=0, 1, , N=-1, 1(n)=0, 1, , N=1, n 1s a bt
position index in the mitial bit sequence, and i(n) 1s a
position mndex in the circular buller. The writing module 1s
configured to map a bit Sn with a bit position index n in the
initial bit sequence onto a position with a position index 1(n)
in the circular builer according to the one-to-one mapping
interleaving function i(n).

It is to be noted that since a mapping {n}—{f(n)} is a
one-to-one mapping, an iverse function p(n) of 1{n), which
satisfies a mapping {p(n)}—{n}, exists. That is, the pre-
defined rule may be determined by a one-to-one mapping
interleaving function p(n) generated according to the data
characteristic of the Polar code, where n=0, 1, , N-1,
p(n)=0, 1, , N=1, p(n) 1s a bit position index in the initial
bit sequence, and n 1s a position index 1n the circular butler.
Selecting the bits from the initial bit sequence {S,.
S.....,S,_,} in the non-repeated manner and writing the
bits 1into the g parts of the circular bufller according to the
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predefined rule includes: mapping a bit Sp(n) with a bit
position index p(n) 1n the nitial bit sequence onto a position
with a position index n in the circular bufler according to the
one-to-one mapping interleaving tunction p(n).

In some embodiments, the one-to-one mapping interleav-
ing function 1(n) has the following nesting characteristic:

a mapping {n, }—{f(n,)} may be obtained by deleting an
element greater than N, from a sequence {n} and a sequence
{f(n)} in a mapping {n}—{f(n)} of the one-to-one mapping
interleaving function, where n,=0, 1, 2, . . ., Ny-1 and N,
1s a positive mteger less than or equal to N.

In some embodiments, the predefined rule for the initial
bit sequence {S,, S,, . . ., S,_,} may be performed by
mapping the bit S with the bit position index n 1n the 1nitial
bit sequence onto a position with a position mdex mod(T
(n)+m, N) 1n the circular bufler according to the data
characteristic of the Polar code, where m=0, 1, ..., N-1, m
1s an oflset and mod(x,,x,) represents a remainder of a
division X,/X,, where x, 1s an 1mteger and X, 1s a positive
integer.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

A starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting pesmen

A position of P,=M-1 1n the circular bufler is taken as the
predefined starting position, where P, represents a position
index of the bit sequence in the eireular bufler and M 1s a
length of the bit sequence to be transmitted.

A position of P,=N-M 1n the circular builer 1s taken as the
predefined starting position, where P, represents the position
index of the bit sequence in the circular bufler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the iitial bit sequence.

An ending bit position of the bit sequence in the circular
bufler 1s taken as the predefined starting position.

The present disclosure further provides a rate matching
device for a Polar code, including: a processor and a
memory. The processor 1s configured to perform the follow-
ing operations: K information bits and (N-K) frozen bits are
concatenated to generate a bit sequence of N bits, and the bit
sequence of N bits 1s encoded by means of a Polar code
encoder with a generator matrix of size NxN to generate an
initial bit sequence {S,, S, ..., S,_;} of N bits, where K
and N are both positive integers and K 1s less than or equal
to N; a circular bufler 1s divided into q parts, bits are selected
from the initial bit sequence {S,, S,, . . ., Sy} in a
non-repeated manner, and the bits are written 1nto the q parts
of the circular butler according to a predefined rule, where
g=1, 2, 3 or 4; and a bit sequence of a specified length is
sequentially selected from a predefined starting position 1n
an bit sequence 1n the circular buller and the bit sequence of
the specified length 1s taken as a bit sequence to be trans-
mitted.

In some embodiments, the processor 1s further configured
to perform, according to the instructions sored in the
memory, the following operations: the predefined rule for
the initial bit sequence {S,, S,, ..., Sy_, } is determined by
a one-to-one mapping interleaving function if(n) generated
according to a data characteristic of the Polar code, where
n=0, 1, , N=1, 1{(n)=0, 1, , N-1, n 1s a bit position
index in the mitial bit sequence, and 1(n) 1s a position index
in the circular bufler; and a bit Sn with a bit position 1ndex
n 1n the 1mtial bit sequence 1s mapped onto a position with
a position mdex 1(n) i the circular bufler according to the
one-to-one mapping interleaving function 1(n).

Since a mapping {n}—{f(n)} is a one-to-one mapping, an
inverse function p(n) of 1(n), which satisfies a mapping
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{p(n)}—{n}, exists. That is, the predefined rule may be
determined by a one-to-one mapping interleaving function

p(n) generated according to the data characteristic of the
Polar code, where n=0, 1, , N-1, p(n)=0, 1, , N-1,
p(n) 1s a bit position index 1n the mitial bit sequence, and n
1s a position index 1n the circular bufler. The operation of
selecting the bits from the initial bit sequence {S,,
S., ..., S,y_,}in the non-repeated manner and writing the
bits 1nto the q parts of the circular bufller according to the
predefined rule includes: mapping a bit S, with a bit
position index p(n) in the mitial bit sequence onto a position
with a position index n 1n the circular builer according to the
one-to-one mapping interleaving function p(n).

In some embodiments, the predefined starting position 1s
selected in one of the following manners:

A starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting position.

A position of P,=M-1 1n the circular bufler 1s taken as the
predefined starting position, wherein P, represents a position
index of the bit sequence 1n the eircular bufler and M 1s a
length of the bit sequence to be transmitted.

A position of P,=N-M 1n the circular bufl

er 1s taken as the
predefined starting position, wherein P, represents the posi-
tion index of the bit sequence in the circular bufler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

The present disclosure further provides a computer stor-
age medium, which 1s configured to store executive nstruc-
tions for executing any rate matching method for the Polar
code 1 the embodiments described above.

The rate matching method and device for the Polar code
provided by the present disclosure can solve the problem
that Polar code hardware has high complexity and has a
complicated encoding process in a hybrid automatic repeat
request mechanism, significantly reducing the complexity of
Polar code hardware and simplifying the encoding process
in the hybrid automatic repeat request mechanism.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1a 1s a schematic diagram of a recursive encoding
structure of a Polar code 1n the related art;

FIG. 15 1s a schematic diagram of another recursive
encoding structure of a Polar code in the related art;

FI1G. 2 1s a structural diagram of a basic unit of a recursive
encoding structure of a Polar code in the related art;

FI1G. 3 1s a flowchart of a rate matching method for a Polar
rate according to an embodiment;

FIG. 4 1s a block diagram of a rate matching device for a
Polar rate according to an embodiment; and

FIG. 5 1s a block diagram of another rate matching device
for a Polar rate according to an embodiment.

DETAILED DESCRIPTION

The terms “first”, “second’ and the like 1n the description,
claims and above drawings of the present application are
used to distinguish between similar objects and are not
necessarily used to describe a particular order or sequence.
It should be understood that the data used in this way 1is
interchangeable when appropriate so that embodiments of
the present disclosure described herein can also be 1mple-
mented 1n a sequence not illustrated or described herein. In
addition, the terms “comprising’, “including” or any other

variations thereotf described herein are intended to encom-
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pass a non-exclusive inclusion. For example, a process,
method, system, product or device that includes a series of

steps or elements not only 1ncludes the expressly listed steps
or elements but may also include other steps or elements that
are not expressly listed or are mnherent to such a process,
method, system, product or device.

Embodiment 1

A rate matching method for a Polar code 1s provided 1n
this embodiment. The steps illustrated in the flowcharts in
the accompanying drawings may be performed by a com-
puter system such as a group of 1nstructions executable to a
computer. Although logical sequences are illustrated in the
flowcharts, the illustrated or described steps may be per-
formed 1n sequences different from those described herein 1n
sOme cases.

In the above operating environment, the present disclo-
sure provides the rate matching method for the Polar code
shown 1n FIG. 3. FIG. 3 1s a flowchart of a rate matching
method for a Polar code according to this embodiment. As
shown 1n FIG. 3, the method includes:

In 302, K information bits and (N-K) frozen bits are
concatenated to generate a bit sequence of N bits, and the bat
sequence ol N bits 1s encoded by means of a Polar code
encoder with a generator matrix of size NxN to generate an
initial bit sequence {S,, S;. .. ., S,_,;} of N bits, where K
and N are both positive integers and K 1s less than or equal
to N.

The K imnformation bits may be mapped onto a bit channel
and may include a check bit.

In 304, a circular bufler 1s divided 1nto q parts, bits are
selected from the initial bit sequence {S,, S,,...,S,_,}in
a non-repeated manner, and the bits are written into the g
parts of the circular bufler according to a predefined rule,
where g=1, 2, 3 or 4.

In 306, a bit sequence of a specified length 1s sequentially
selected from a predefined starting position 1n a bit sequence
in the circular bufler and the bit sequence of the specified
length 1s taken as a bit sequence to be transmitted.

In the above steps, a bit sequence 1s encoded by Polar
encoder, a bit sequence after Polar encoding 1s processed
according to a predefined rule to obtain the bit sequence 1n
the circular bufler, and a bit sequence of a specified length
1s sequentially selected from a predefined starting position
and taken as the bit sequence to be transmitted. In this way,
proper processing and selecting rules are used to adapt to the
transmission of data in different scenarios, thereby solving
the problem in the related art that Polar code hardware has
high complexity and has a complicated encoding process in
a hybrid automatic repeat request mechanism, significantly
reducing the complexity of Polar code hardware and sim-
plifying the encoding process.

The circular bufler here may be a hardware circular buifer,
and may also be a virtual device, which 1s not limited 1n this
embodiment.

In some embodiments, a mother code of the Polar code
has a length of N=2"2&%)/(11A), where | ] represents a
ceiling operation, O=A>2, and R 1s a code rate for the Polar
encoding.

In some embodiments, the predefined rule for the initial
bit sequence {S,, S,;, . . ., Sn_,} is determined by a
one-to-one mapping interleaving function 1i{n) generated
according to a data characteristic of the Polar code, where
n=0, 1, , N=-1, 1(n)=0, 1, , N=1, n 1s a bit position
index in the mitial bit sequence, and 1(n) 1s a position index
in the circular bufler; and a bit Sn with a bit position 1ndex




US 11,342,945 B2

9

n 1n the 1nitial bit sequence 1s mapped onto a position with
a position mdex 1(n) in the circular buller according to the
one-to-one mapping interleaving function.

In some embodiments, the one-to-one mapping interleav-
ing function 1(n) has the following nesting characteristic: a
mapping {n,}—{f(n,)} may be directly obtained by deleting
an element greater than N, from a sequence {n} and a
sequence {f(n)} in a mapping {n}—{f(n)} of the one-to-one
mapping interleaving tunction, where n,=0, 1, 2, . . . , N,-1
and N, 1s a positive imteger less than or equal to N.

Since the mapping {n}—{f(n)} is a one-to-one mapping,
an mverse function p(n) of 1(n), which satisfies a mapping
Ip(n)}—{n}, exists. That is, the predefined rule may be
determined by a one-to-one mapping interleaving function
p(n) generated according to the data characteristic of the
Polar code, where n=0, 1, ..., N-1, p(n)=0, 1, . . ., N-1,
p(n) 1s a bit position 1index 1n the itial bit sequence, and n
1s a position index in the circular bufler. The step of selecting
the bits from the initial bit sequence {S,, S;, ..., Sy_;} in
the non-repeated manner and writing the bits into the q parts
of the circular bufler according to the predefined rule
includes: mapping a bit S, with a bit position index p(n)
in the 1mtial bit sequence onto a position with a position
index n in the circular bufller according to the one-to-one
mapping interleaving function p(n).

In some embodiments, the predefined rule for the initial
bit sequence {S,, S,, . . ., S,_,} may be performed by
mapping the bit S with the bit position index n 1n the 1nitial
bit sequence onto a position with a position index mod(1
(n)+m, N) 1n the circular bufler according to the data
characteristic of the Polar code, where m=0, 1, ..., N-1, m
1s an oflset and mod(x,,x,) represents a remainder of a
division Xx,/X,, where X, 1s an integer and X, 15 a positive
integer.

In some embodiments, the data characteristic includes at
least one of: a transport block length, a code rate, a number
of available physical resource blocks, a modulation and
coding level, a user equpment type mndex and a data
transmission link direction.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

A starting bit position of the bit sequence 1n the circular
builer 1s taken as the predeﬁned starting position.

A position of P,=M-1 1n the circular bufler 1s taken as the
predefined starting position, where P, represents a position
index of the bit sequence 1n the eireular bufler and M 1s a
length of the bit sequence to be transmaitted.

A position of P,=N-M 1n the circular bufler 1s taken as the
predefined starting position, where P, represents the position
index of the bit sequence in the circular bufler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
builer 1s taken as the predefined starting position.

In some embodiments, the predefined starting position 1s
determined by a code rate of the Polar encoding.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the position of P,=N-M 1n
the circular bufler 1s taken as the predefined starting posi-
tion, where P, represents the position index of the bit
sequence 1n the circular bufler, M 1s the length of the bat
sequence to be transmitted, and N 1s the length of the initial
bit sequence.

It 1s to be noted that since the predefined starting position
1s determined by the code rate of the Polar encoding, when
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the code rate of the Polar encoding i1s greater than the
predefined threshold, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence in the circular
bufler 1s taken as the predefined starting position.

The position of P,=M-1 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position index of the bit sequence 1n the eireular builer and
M 1s the length of the bit sequence to be transmitted.

The ending bit position of the bit sequence 1n the circular
bufler 1s taken as the predefined starting position.

When the circular buffer 1s composed of a sixth part, a
seventh part, an eighth part and a ninth part arranged
sequentially, a starting bit position of the seventh part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the eighth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the eighth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the ninth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, i Mst. +t,, a position of P,=t,+t,+M-1 1s
taken as the predefined starting position; if M>t +t,, a
position of P,=M-1-t,—1, 1s taken as the predefined starting
position, where M 1s the length of the bit sequence to be
transmitted, t; 1s a length 1n bits of the sixth part, t, 1s a
length 1n bits of the seventh part, t; 1s a length 1n bits of the
cighth part, and t; 1s a length 1n bits of the minth part.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the sixth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, 1f M<t.+t,, a position of P, =t +t,—M 1s taken
as the predefined starting position; if M>tq+t,, a position of
P, =N+t +t,—M 1s taken as the predefined starting position,
where M 1s the length of the bit sequence to be transmitted,
t. 1s the length 1n bits of the sixth part, t, 1s the length 1n bits
of the seventh part, t, 1s the length 1n bits ot the eighth part,
and t, 1s the length 1n bits of the ninth part.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, the starting bit position of the ninth part of the
bit sequence in the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the seventh part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
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sequentially, the ending bit position of the sixth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s greater than
the predefined threshold, the starting bit position of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the circular bufler includes a first
part and a second part. The first part 1s composed of tl
continuous bits 1n the initial bit sequence 1n a sequential
manner or in a bit reversal order (BRO) interleaving manner
and the second part 1s composed of the remaining t2 bits 1n
the 1nitial bit sequence 1n the BRO interleaving manner,

where t]l and t2 are both integers greater than or equal to O,
tl1 € [1/8N, 7/8N], t1+t2=N, N 1s a number of bits 1n the

initial bit sequence, and N 1s an integer greater than or equal
to 0.

Alternatively, the first part 1s composed of t2 continuous
bits 1n the mmitial bit sequence in the BRO interleaving
manner and the second part 1s composed of the remaining t1
bits 1n the 1nitial bit sequence 1n the sequential manner or in
the BRO interleaving manner, where tl and t2 are both
integers greater than or equal to 0, t1 & [1/8N, 7/8N],
t1+t2=N, N 1s the number of bits 1n the nitial bit sequence,
and N 1s an integer greater than or equal to 0.

The first part and the second part are sequentially
arranged to form the bit sequence 1n the circular bufler.

In some embodiments, the mnitial bit sequence 1s written
as {Sy, S;, .. ., Sy_;}, the first part is composed of tl
continuous bits {S,,S,..., S, _, } in the initial bit sequence
in the sequential manner or 1n the BRO interleaving manner,
and the second part 1s composed of the remaining N-t,
continuous bits {S,, S, ;. . . ., Sy_;} in the initial bit
sequence 1n the BRO interleaving manner.

Alternatively, the first part 1s composed of N-t, continu-
ous bits {Sy_;, Sy_5, . .., S, } in the initial bit sequence in
the BRO interleaving manner, and the second part 1s com-
posed of the remaming tl continuous bits {Sr .
Sfl‘z, ..., S,} in the initial bit sequence in the sequentlal
manner or 1n the BRO interleaving manner.

In some embodiments, the circular builer includes a third
part, a fourth part and a fifth part. The third part 1s composed
of t3 continuous bits 1 the imitial bit sequence 1n the
sequential manner or in the BRO interleaving manner or in
a row-column interleaving manner; the fourth part 1s deter-
mined 1n the following manner: two continuous bit
sequences of length t4 are selected from the imitial bat
sequence and arranged 1n the BRO interleaving manner or 1in
the row-column interleaving manner or 1 an interlace
manner; and the fifth part 1s composed o1 t5 bits in the mnitial
bit sequence, where 13, t4 and t5 are all integers greater than
or equal to 0, 3+2xt4+t5=N, t3 & [1/8N, 7/8N] and t4 &
[1/16N, 7/16N].

Alternatively, the third part 1s composed of t5 bits i the
initial bit sequence in the sequential manner or in the BRO
interleaving manner or 1n the row-column interleaving man-
ner; the fourth part 1s determined 1n the following manner:
two continuous bit sequences of length t4 are selected from
the mitial bit sequence and arranged 1n the BRO 1nterleaving,
manner or 1n the row-column interleaving manner or in the
interlace manner; and the fifth part 1s composed of the
remaining t3 bits in the 1mitial bit sequence, where 3, t4 and
tS are all integers greater than or equal to 0, t3+2xt4+t5=N,
t3 & [1/8N, 7/8N] and t4 € [1/16N, 7/16N].
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The third part, the fourth part and the fifth part are
sequentially arranged to form the bit sequence 1n the circular
bufler.

In some embodiments, the initial bit sequence 1s written
as {So, S, . .., S} tﬁle third part is composed of 3
continuous bits {S,, S,, ..., S, _,} in the sequential manner
or in the BRO interleaving manner or in the row-column
1nter1eav1ng manner; the fourth part 1s composed of t4 bits
1Sazas Sazacts . Snyar-1y and t4 bits {SN&:
Sarasts + o2 SOnyaas, .} in the BRé 1nterleav1ng manner or in
the row- eelumn 111ter1eav1ng manner or 1 the interlace
manner; and the fifth part 1s composed of the remaining

N_t _2Xt bits {S:f ’ ’ SNK4—1} {SNF4+1,‘4
SNH4+3‘4+15 c ey Dy s Al {SNf2+r4 SM2+f 415 - SN— } in
the 1nitial blt sequence 1n the sequential manner or in the
BRO interleaving manner or in the row-column nterleaving

manner, where {S,, S, .|, ..., Syu,_, j=0@ for t;=N/4 and
, Sy 1= for t,=N/4, where @&

z,‘+l!J

{SNMH‘! SNH4+£ +1> * * ¢
represents an empty set.

Alternatively, the third part 1s composed of N-t,—-2xt, bits

1Sa1> Sacas - - SMz z‘} 1Sar2-1> Saraas - - SM4+:: } and
IS a1 Sapia s e oo s S } in the sequential manner or in the

BRO interleaving manner or in the row-column interleaving
manner; the fourth part 1s composed of t4 bits {SNMH s
SN/art;—25 + =+ Sy and t4 bits {SNHZH‘ 1y ON/242-25 s

Sy b 1n the BRO 111ter1eav1ng manner or 1n the row-column
interleaving manner or 1n the interlace manner; and the fifth
part is composed of a bit sequence {S, _,, S, ,.....Sy} in
the sequential manner or in the BRO interleaving manner or

in the row-column interleaving manner, where {S“
Siets - - s Svia_i+= for t,=N/4 and {Sj.,ﬂ,ﬂ%1

Sniamtgrls -+ o 5 DN/2- 1470 for t, _N/4

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence in the circular
bufler 1s taken as the predeﬁned starting pesmen

The position of P,=M-1 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position index of the bit sequence 1n the eireular bufler and
M 1s the length of the bit sequence to be transmitted.

The position of P,=N-M 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position mdex of the bit sequence in the circular bufler, M
1s the length of the bit sequence to be transmitted, and N 1s
the length of the mnitial bit sequence.

The ending bit position of the bit sequence 1n the circular
bufler 1s taken as the predefined starting position. In some
embodiments, the circular bufler includes the sixth part, the
seventh part, the eighth part and the ninth part. The sixth part
1s composed of t, bits 1n the itial bit sequence 1n the BRO
interleaving manner, the seventh part 1s composed of t, bits
in the 1nitial bit sequence 1n the sequential manner or in the
BRO interleaving manner, the eighth part 1s composed of tq
bits 1n the mmitial bit sequence in the BRO interleaving
manner, and the ninth part 1s composed of t, bits 1n the 1nitial
bit sequence 1n the BRO mterleaving manner, where t,, t-,
t, and t, are all integers greater than or equal to 0, (t,+t,) €
[1/8N, 7/8N], (tg+t;) € [1/8N, 7/8N], and t +t +t +t,=N.

Alternatively, the sixth part 1s composed of t, bits in the
initial bit sequence 1n the BRO interleaving manner, the
seventh part 1s composed of t, bits in the mitial bit sequence
in the BRO 1nterleaving manner, the eighth part 1s composed
of t, bits 1n the 1nitial bit sequence 1n the sequential manner
or in the BRO interleaving manner, and the minth part is
composed of t, bits in the mitial bit sequence in the BRO
interleaving manner, where t,., t,, t; and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t+t;) E
[1/8N, 7/8N], and t +t,+t3+t,=N.
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In some embodiments, the 1nitial bit sequence 1s written
as {S,, S,, . . ., Sy_,}; the sixth part is composed of t, bits
{1,} in the BRO interleaving manner, where {1, } includes an
intersection of a bit sequence set {S,, S,,...,S,_,} and a
bit sequence set {Szzo.f» Where a is an integer greater than
or equal to O and less than or equal to N, {S,, S,, . . .,
S, 1= for a=0, =M, . . ., N-1, and M is the length of the
bit sequence to be transmitted; the seventh part 1s composed
of t, bits {I,} in the sequential manner or in the BRO
interleaving manner, where {1,} is a difference set of the bit
sequence set {S., S,,...,S __,}and a bit sequence set {I, }:
the ninth part is composed of t, bits {I,} in the BRO
interleaving manner, where {1,} includes an intersection of
a bit sequence set {S /S . ...,S,_,} and the bit sequence
set {Szro s and 1S, S,, 15 - ., Sy, =@ for a=N; and the
eighth part is composed of tg bits {I;} in the BRO inter-
leaving manner, where {I,} is a difference set of the bit
sequence set {S_, S ., Sy} and a bit sequence set
-

Alternatively, the initial bit sequence is written as {S,,
S., ..., Sy 1}; the sixth part is composed of ty bits {I,} in
the BRO interleaving manner, where {1,} includes an inter-
section of a bit sequence set {S,_,, S, -,..., S } and the
bit sequence set {Szz 005> Where a is an integer greater than
or equal to O and less than or equal to N, j=N-1,
N-2, ..., M, M 1s the length of the bit sequence to be
transmitted and {S,._,, Sy 5, . . ., S, }=0 for a=N; the
seventh part is composed of t, bits {I,} in the BRO inter-
leaving manner, where {I,} is a difference set of the bit
sequence set {S._;, Sa s, - . ., S_} and the bit sequence set
{1,}; the ninth part is composed of t, bits {I,} in the
sequential manner or 1n the BRO interleaving manner, where
{1,} includes an intersection of a bit sequence set {S__,,
S, 2.+ - Sy} and the bit sequence set and {S;z,;}, and
I1So, Si, . .., S__}=0 for a=0; and the eighth part is
composed of t, bits {I,} in the sequential manner or in the
BRO interleaving manner, where {1,} is a difference set of
the bit sequence set {S__,, S__,. . .., Sy} and the bit
sequence set {1, }.

The sixth part, the seventh part, the eighth part and the
ninth part are sequentially arranged to form the bit sequence
in the circular buffer.

In some embodiments, the predefined starting position 1s
selected according to the code rate of the Polar encoding.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the position of P,=N-M 1is
taken as the predefined starting position; when the code rate
of the Polar encoding 1s greater than the predefined thresh-
old, the starting bit position of the seventh part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the ending bit position of
the bit sequence i1n the circular bufler 1s taken as the
predefined starting position; when the code rate of the Polar
encoding 1s greater than the predefined threshold, the ending
bit position of the eighth part of the bit sequence in the
circular bufler 1s taken as the predefined starting position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the starting bit position of
the bit sequence in the circular bufler 1s taken as the
predefined starting position; when the code rate of Polar
encoding code 1s greater than the predefined threshold, the
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starting bit position of the seventh part of the bit sequence
in the circular bufler 1s taken as the predefined starting
position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the position of P,=M-1 1s
taken as the predefined starting position; when the code rate
of the Polar encoding 1s greater than the predefined thresh-
old, the ending bit position of the eighth part of the bat
sequence 1n the circular bufler 1s taken as the predefined
starting position.

It 1s to be noted that the predefined starting position needs
to be selected according to the code rate of the Polar
encoding which may be seen from the above manners in
which the predefined starting option 1s selected.

In some embodiments, the circular bufler includes the
sixth part, the seventh part, the eighth part and the ninth part.
The sixth part 1s composed of t, bits in the 1mtial bat
sequence 1n the sequential manner or in the BRO 1nterleav-
ing manner, the seventh part 1s composed of t, bits in the
initial bit sequence 1n the BRO interleaving manner, the
eighth part 1s composed of t; bits in the initial bit sequence
in the BRO interleaving manner, and the ninth part is
composed of t, bits in the initial bit sequence 1n the BRO
interleaving manner, where t,., t,, t; and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], and
to+t+to+1,=N.

Alternatively, the sixth part 1s composed of t, bits in the
initial bit sequence in the BRO interleaving manner, the
seventh part 1s composed of t, bits 1 the 1nitial bit sequence
in the BRO 1nterleaving manner, the eighth part 1s composed
of t, bits 1n the mnitial bit sequence 1n the BRO interleaving
manner, and the ninth part 1s composed of t, bits 1n the nitial
bit sequence in the sequential manner or mm the BRO

interleaving manner, where t,, t,, t; and t, are all integers
greater than or equal to O, (t.+t,) € [1/8N, 7/8N], (tg+t,) €
[1/8N, 7/8N], and t.+t,+t+t,~N.

In some embodiments, the initial bit sequence 1s written
as {S,, Sy, . . ., S, }; the seventh part is composed of t,
bits {I,} in the BRO interleaving manner, where {I,}
includes an intersection of the bit sequence set {S,,
Sy, ..., S, ,} and the bit sequence set {Szzo(f» Where a
1s an 1nteger greater than or equal to 0 and less than or equal
to N, {S,, S,, ..., S, _,}=@ for a=0, =M, . .., N-1, and
M 1s the length of the bit sequence to be transmitted; the
sixth part is composed of t, bits {I,} in the sequential
manner or in the BRO interleaving manner, where {1,} is a
difference set of the bit sequence set {S,, S,,...,S__,} and
a bit sequence set {1, }; the eighth part is composed of t, bits
{1,} in the BRO interleaving manner, where {1, } includes an
intersection of thee bit sequence set {S_, S__,, ..., Sy}
and the bit sequence set {Szronts and {S,, S, - . .,
Sy_1 170 for a=N; and the ninth part is composed of t, bits
{1,} in the BRO interleaving manner, where {I,} is a
difference set of the bit sequence set {S , S LSy}
and a bit sequence set {1,}.

Alternatively, the initial bit sequence is written as {S,,
Si,...,S, |} the seventh part is composed of t; bits {1,}
in the BRO interleaving manner, where {I,} includes an
intersection of the bit sequence set {S,._,, Sy 5, ..., S, } and
the bit sequence set {Szzo(f> Where a is an integer greater
than or equal to 0 and less than or equal to N, ] €
IM, ..., N-1}, M is the length of the bit sequence to be
transmitted and {S,, ,, Sy -, ..., S =0 for a=N; the sixth
part is composed of t, bits {I,} in the BRO interleaving
manner, where {1,} is a difference set of the bit sequence set
ISy 1s Sars, - . ., S} and the bit sequence set {I;}; the
eighth part is composed of t, bits {I,} in the BRO inter-
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leaving manner, where {S, } includes an intersection of the
bit sequence set {S__,, Sa_zj ..., S,} and the bit sequence
set 1Szro > and {S,_1, S, 5, . .., So}=@ for a=0; and the
ninth part is composed of t, bits {I,} in the sequential
manner or i the sequential manner or in the BRO inter-
leaving manner, where {S. } 1s a difference set of the bit
sequence set {S ., S , S, } and the bit sequence set
s}

The sixth part, the seventh part, the eighth part and the
ninth part are sequentially arranged to form the bit sequence
in the circular butler.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the starting bit position of
the eighth part of the bit sequence in the circular butler 1s
taken as the predefined starting position; when the code rate
of the Polar encoding 1s greater than the predefined thresh-
old, the starting bit position of the ninth part of the bat
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, it M<t,+t,, the position of
P,=t.+t,+M-1 1s taken as the predefined starting position,
and if Mzt +t,, the position of P,=M-1-t.—t, 1s taken as the
predefined starting position; when the code rate of the Polar
encoding 1s greater than the predefined threshold, the ending
bit position of the sixth part of the bit sequence in the
circular builer 1s taken as the predefined starting position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, 1 M=t +t,, the position of
P,=ts+t,_M 1s taken as the predefined starting position, and
if M>t +t,, the position of P,=N+t +t,—-M 1s taken as the
predefined starting position; when the code rate of the Polar
encoding 1s greater than the predefined threshold, the start-
ing bit position of the ninth part of the bit sequence 1n the
circular bufler 1s taken as the predefined starting position.

When the code rate of the Polar encoding 1s less than or
equal to the predefined threshold, the ending bit position of
the seventh part of the bit sequence 1n the circular bufler 1s
taken as the predefined starting position; when the code rate
of the Polar encoding is greater than the predefined thresh-
old, the ending bit position of the sixth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

It 1s to be noted that the predefined starting position needs
to be selected according to the code rate of the Polar
encoding which may be seen from the above manners 1n
which the predefined starting option 1s selected.

In some embodiments, the predefined threshold 1s taken
from a set {1/3, 1/2}, that is, the predefined threshold may
be 1/3 or 1/2.

In some embodiments, the mother code of the Polar code
has a length of N=2/?22&R+m where [ ] represents a
ceiling operation, R 1s a code rate, and m 1s a positive
integer.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing BRO interleaving on the
initial bit sequence {S,, S,, ..., Sy, }, and a bit Sn with a
bit position index n 1n the mnitial bit sequence 1s mapped onto
a position with a position index mod(BRO(n)+m, N) 1n the
circular bufler by means of a BRO terleaver, where n=0,
1,...,N=-1,m=0,1,...,N-1, m1is an oflset and mod(x1,x2)
represents a remamder ef a d1v151en x1/x2.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing the BRO interleaving on
the initial bit sequence {S,, S,, . .., Sy, }, and the bit Sn
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with the bit position index n 1n the initial bit sequence 1s
mapped onto a position with a position index N-1-mod
(BRO(n)+m, N) 1n the circular bufler by means of the BRO
interleaver, where n=0, 1, ... ,N=-1, m=0, 1, ..., N-1, m
1s the oflset and mod(x1,x2) represents the remainder of the
division x1/x2.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting pesmen

The position of P,=M-1 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position index of the bit sequence 1n the eireular builer and
M 1s the length of the bit sequence to be transmitted.

The position of P,=N-M 1n the circular butler 1s taken as
the predefined starting position, where P, represents the
position mndex of the bit sequence in the circular bufler, M
1s the length of the bit sequence to be transmitted, and N 1s
the length of the initial bit sequence.

The ending bit position of the bit sequence 1n the circular

bufler 1s taken as the predefined starting position.
In some embodiments, sequentially selecting the bait
sequence of the specified length from the predefined starting
position in the bit sequence in the circular bufler and taking
the bit sequence of the specified length as the bit sequence
to be transmitted includes the following step:

Bits are sequentially selected 1n an ascending or descend-
ing order of indexes from a predefined position 1n the bit
sequence 1n the circular builer, when reaching to an end of
the bit sequence in the circular bufler, the selecting 1s
continued from an other end of the bit sequence in the
circular bufler until the bit sequence of the specified length
1s selected, and the bit sequence of the specified length 1s
taken as the bit sequence to be transmitted.

For example, when the bits are read 1n an ascending order
of indexes from the predefined starting position to the
ending bit position of the bit sequence 1n the circular bufler,
if the bit sequence of the specified length i1s not read, the
reading 1s continued from the starting bit position of the bit
sequence 1n the circular builer until the bit sequence of the
specified length 1s read and the bit sequence of the specified
length 1s taken as the bit sequence to be transmitted. When
the bits are read 1n a descending order of indexes from the
predefined starting position to the starting bit position of the
bit sequence in the circular bufler, 1T the bit sequence of the
specified length 1s not read, the reading 1s continued from the
ending bit position of the bit sequence 1n the circular buller
until the bit sequence of the specified length 1s read and the
bit sequence of the specified length 1s taken as the bit
sequence to be transmitted.

In some embodiments, when the code rate of the Polar
encoding 1s less than or equal to the predefined threshold, the
position ol P,=N-M 1n the circular bufler i1s taken as the
predefined starting position and M bits are sequentially
selected 1n the ascending order of indexes; when the reading,
goes to an end of the bit sequence 1n the circular bufler, the
reading 1s continued from the other end of the bit sequence
in the circular bufler, where P, represents the position index
of the bit sequence 1n the circular bufler, M 1s the length of
the bit sequence to be transmitted, and N 1s the length of the
initial bit sequence.

In some embodiments, when the code rate of the Polar
encoding 1s greater than the predefined threshold, the start-
ing bit position of the bit sequence in the circular buifer 1s
taken as the predefined starting position and the M bits are
sequentially selected in the ascending order of indexes;
when the reading goes to an end of the bit sequence 1n the
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circular bufler, the reading 1s continued from the other end
of the bit sequence in the circular bufler, where N 1s the

length of the initial bit sequence.

A process for determining the predefined starting position
may be applied to any one of the above cases where the
circular bufler 1s divided 1nto two parts, three parts and four
parts, and may also be applied to any one of the first
combination, the second combination, the third combination
and the fourth combination, which are not limited 1n this
embodiment.

In some embodiments, the bit sequence to be transmitted
1s arranged 1n a same order or 1n a reverse order of the bit
sequence ol the specified length read from the circular
builer.

The method 1n embodiments described above may be
implemented by software plus a necessary general-purpose
hardware platform, or may of course be implemented by
hardware, but 1n many cases, the former 1s a preferred
implementation mode. The content provided by this embodi-
ment substantially, or the part contributing to the existing,
art, may be embodied 1n the form of a software product. The
soltware product 1s stored on a storage medium (such as a
ROM/RAM, a magnetic disk or an optical disk) and includes
several instructions for enabling a terminal device (which
may be a mobile phone, a computer, a server or a network
device) to execute the method according to the embodiments
described above.

Embodiment 2

This embodiment provides a rate matching device for a
Polar code. The device may implement the method accord-
ing to the embodiments described above. What has been
described will not be repeated. As used below, the term
“module” may be software, hardware or a combination
thereol capable of implementing predetermined functions.
The device 1n the embodiment described below 1s preferably
implemented by software, but implementation by hardware
or by a combination of software and hardware 1s also
possible and concerved.

FIG. 4 1s a block diagram of a device for processing a bit
sequence according to this embodiment. As shown 1n FIG.
4, the device may include a generation module 40, a writing
module 42, a reading module 44 and a determination module
46.

The generation module 40 1s configured to concatenate K
information bits and (N-K) frozen bits to generate a bit
sequence of N bits and encode the bit sequence of N bits by
means of a Polar code encoder with a generator matrix of
size NxN to generate an initial bit sequence {S,, S, . . . .
Sy1} of N bits, where K and N are both positive integers
and K 1s less than or equal to N.

The writing module 42 1s configured to divide a circular
bufler into q parts, select bits from the 1nitial bit sequence
1So. Sy, ..., S,y_,} in a non-repeated manner, and write the
bits 1nto the g parts of the circular bufler according to a
predefined rule, where g=1, 2, 3 or 4.

The reading module 44 1s configured to sequentially
selected a bit sequence of a specified length from a pre-
defined starting position 1n a bit sequence 1n the circular
builer.

The determination module 46 1s configured to take the bit
sequence ol the specified length as a bit sequence to be
transmitted.

In the above device, the generation module 40 may
concatenate K bit channels as information bits with the
(N-K) frozen bits to generate the bit sequence of N bits and
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encode the bit sequence of N bits by means of the Polar code
encoder with the generator matrix of size NxN to generate
the initial bit sequence of N bits; the writing module 41
divides the circular bufler into the q parts, select the bits
from the 1nitial bit sequence 1n the non-repeated manner, and
write the bits into the g parts of the circular butler according
to the predefined rule; the reading module 44 sequentially
selecteds the bit sequence of the specified length from the
predefined starting position in the bit sequence in the cir-
cular bufler; and the determination module 46 takes the bit
sequence of the specified length as the bit sequence to be
transmitted. In this way, proper processing and readmg rules
are used to adapt to the transmission of data bits in difierent
application scenarios, thereby solving the problem in the
related art that Polar eede hardware has high complexity and
has a complicated encoding process 1n a hybrid automatic
repeat request mechanism, significantly reducing the com-
plexity of Polar code hardware and simplifying the encoding

pProcess.
In some embodiments, the predefined rule for the nitial

bit sequence {S,, S;, . . ., S,._,} is determined by a
one-to-one mapping interleaving function 1i{n) generated
according to a data characteristic of the Polar code, where
n=0, 1, ..., N-1,1(n)=0, 1, ..., N-1, n 1s a bit position
index in the mitial bit sequence, and 1(n) 1s a position index
in the circular bufler. The writing module 1s configured to
map a bit Sn with a bit position index n in the initial bit
sequence onto a position with a position index 1(n) in the
circular bufler according to the one-to-one mapping inter-
leaving function 1(n).

It is to be noted that since a mapping {n}—={f(n)} is a
one-to-one mapping, an verse function p(n) of {(n), which
satisfies a mapping {p(n)}—{n}, exists. That is, the pre-
defined rule may be determined by a one-to-one mapping
interleaving function p(n) generated according to the data
characteristic of the Polar code, where n=0, 1, . . . , N-1,
p(n)=0, 1, ..., N-1, p(n) 1s a bit position index 1n the nitial
bit sequence, and n 1s a position index 1n the circular butler.
The step of selecting the bits from the mnitial bit sequence
IS0, S, ..., Sy} in the non-repeated manner and writing
the bits 1nto the q parts of the circular buller according to the
predefined rule includes: mapping a bit S ., , with a bit
position index p(n) 1n the nitial bit sequence onto a position
with a position index n 1n the circular buller according to the
one-to-one mapping interleaving tunction p(n).

In some embodiments, the one-to-one mapping interleav-
ing function 1(n) has the following nesting characteristic:

a mapping {n,}—{f(n)} may be directly obtained by
deleting an element greater than N, from a sequence {n} and
a sequence {f(n)} in the mapping {n}—{f(n)} of the one-
to-one mapping interleaving function, where n,=0, 1,
2,...,Ny=1and N, 1s a positive integer less than or equal
to N.

In some embodiments, the predefined rule for the initial
bit sequence {S,, S,, . . ., S,_,} may be performed by
mapping the bit S, with the bit position index n 1n the 1nitial
bit sequence onto a position with a position mdex mod(T
(n)+m, N) 1 the circular bufler according to the data
characteristic of the Polar code, where m=0, 1, ..., N-1, m
1s an oflset and mod(x,,x,) represents a remainder of a
division X,/X,, where X, 1s an 1mteger and X, 1s a positive
integer.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

A starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting pesmen

A position of P,=M-1 1n the circular bufler is taken as the

predefined starting position, where P, represents a position
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index of the bit sequence 1n the circular buflfer and M 1s a
length of the bit sequence to be transmitted.

A position of P,=N-M 1n the circular bufler 1s taken as the
predefined starting position, where P, represents the position
index of the bit sequence in the circular bufler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

In some embodiments, the predefined starting position 1s
selected according to a code rate of the Polar encoding.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the position of P,=N-M 1n
the circular bufler 1s taken as the predefined starting posi-
tion, where P, represents the position index of the bit
sequence 1n the circular bufler, M 1s the length of the bat
sequence to be transmitted, and N 1s the length of the initial
bit sequence.

It 1s to be noted that since the predefined starting position
1s selected according to the code rate of the Polar encoding,
when the code rate of the Polar encoding 1s greater than the
predefined threshold, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence 1n the circular
builer 1s taken as the predefined starting position.

The position of P,=M-1 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position mdex of the bit sequence 1n the circular bufler and
M 1s the length of the bit sequence to be transmitted.

The ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

When the circular bufler 1s composed of a sixth part, a
seventh part, an eighth part and a ninth part arranged
sequentially, a starting bit position of the seventh part of the
bit sequence 1n the circular builer 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the eighth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the eighth part of the
bit sequence in the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, a starting bit position of the ninth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, 1t M=t +t,, a position of P,=t +t,+M-1 1s
taken as the predefined starting position; 1 M>t +t,, a
position of P,=M-1-t,—t, 1s taken as the predefined starting
position, where M 1s the length of the bit sequence to be
transmitted, t5 1s a length 1n bits of the sixth part, t, 1s a
length 1n bits of the seventh part, t, 1s a length 1n bits of the
cighth part, and t, 1s a length 1n bits of the nminth part.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the sixth part of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

10

15

20

25

30

35

40

45

50

55

60

65

20

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, 1 M=t +t,, a position of P,=t.+t;—M 1s taken
as the predefined starting position; if M>t +t,, a position of
P, =N+t +t,—M 1s taken as the predefined starting position,
where M 1s the length of the bit sequence to be transmitted,
t. 1s the length 1n bits of the sixth part, t, 1s the length 1n bits
of the seventh part, 1s 1s the length 1n bits of the eighth part,
and t, 1s the length 1n bits of the ninth part.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, the starting bit position of the ninth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, an ending bit position of the seventh part of the
bit sequence in the circular bufler 1s taken as the predefined
starting position.

When the circular bufler 1s composed of the sixth part, the
seventh part, the eighth part and the ninth part arranged
sequentially, the ending bit position of the sixth part of the
bit sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s greater than
the predefined threshold, the starting bit position of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the circular bufler includes a first
part and a second part. The first part 1s composed of tl
continuous bits 1n the initial bit sequence 1 a sequential
manner or in a BRO iterleaving manner and the second part
1s composed of the remaining t2 bits 1n the initial bat
sequence 1n the BRO interleaving manner, where t1 and t2
are both integers greater than or equal to 0, t1 & [1/8N,
7/8N], t1+t2=N, N 1s a number of bits 1n the iitial bit
sequence, and N 1s an integer greater than or equal to O.

Alternatively, the first part 1s composed of t2 continuous
bits 1n the imtial bit sequence in the BRO interleaving
manner and the second part 1s composed of the remaining t1
bits 1n the 1nitial bit sequence 1n the sequential manner or in
the BRO interleaving manner, where tland t2 are both
integers greater than or equal to 0,1 & [1/8N, 7/8N],
t1+t2=N, N 1s the number of bits 1n the mnitial bit sequence,
and N 1s an integer greater than or equal to O.

The first part and the second part are sequentially
arranged to form the bit sequence 1n the circular builer.

In some embodiments, the circular bufter includes a third
part, a fourth part and a fifth part. The third part 1s composed
of t3 continuous bits 1 the initial bit sequence i1n the
sequential manner or in the BRO interleaving manner or in
a row-column interleaving manner; the fourth part 1s deter-
mined 1n the {following manner: two continuous bit
sequences of length t4 are selected from the imitial bit
sequence and arranged 1n the BRO mterleaving manner or 1n
the row-column interleaving manner or i an interlace
manner; and the fifth part 1s composed of the remaining t5
bits in the mitial bit sequence, where 13, t4 and t5 are all
integers greater than or equal to 0, t3+2xt4+t5=N, 13 &
[1/8N, 7/8N] and t4 & [1/16N, 7/16N].

Alternatively, the third part 1s composed of t5 bits 1n the
initial bit sequence 1n the sequential manner or in the BRO
interleaving manner or in the row-column interleaving man-
ner; the fourth part 1s determined 1n the following manner:
two continuous bit sequences of length t4 are selected from
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the 1itial bit sequence and arranged 1n the BRO interleaving
manner or 1n the row-column interleaving manner or in the
interlace manner; and the fifth part 1s composed of the
remaining t3 bits 1n the 1mitial bit sequence, where t3, t4 and
t5 are all integers greater than or equal to 0, t3+2xt4+t5=N,

t3 & [1/8N, 7/8N] and t4 &[1/16N, 7/16N].
The third part, the fourth part and the fifth part are
sequentially arranged to form the bit sequence 1n the circular

buftter.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence 1n the circular
butler 1s taken as the predeﬁned starting, pesmen

The position of P,=M-1 1n the circular bufler is taken as
the predefined starting position, where P, represents the
position mdex of the bit sequence 1n the circular bufler and
M 1s the length of the bit sequence to be transmitted.

The position of P,=N-M 1n the circular builer 1s taken as
the predefined starting position, where P, represents the
position index of the bit sequence 1n the circular bufier, M
1s the length of the bit sequence to be transmitted, and N 1s
the length of the initial bit sequence.

The ending bit position of the bit sequence 1n the circular

butler 1s taken as the predefined starting position.
In some embodiments, the circular buller includes the
sixth part, the seventh part, the eighth part and the ninth part.
The sixth part 1s composed of t, bits 1n the i1mtial bit
sequence in the BRO 1nter1eav1ng manner, the seventh part
1s composed of t, bits in the mitial bit sequence in the
sequential manner or 1n the BRO interleaving manner, the
cighth part 1s composed of t; bits in the 1mitial bit sequence
in the BRO interleaving manner, and the ninth part is
composed of t, bits in the mnitial bit sequence in the BRO
interleaving manner, where t,, t,, t, and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t.+t;) E
[1/8N, 7/8N], and t4t,+t+1,=N.

Alternatively, the sixth part 1s composed of t, bits 1n the
initial bit sequence 1n the BRO interleaving manner, the
seventh part 1s composed of tg bits 1n the 1nitial bit sequence
in the BRO interleaving manner, the eighth part 1s composed
of t, bits 1n the 1nitial bit sequence 1n the sequential manner
or 1n the BRO interleaving manner, and the ninth part 1is
composed of t, bits 1n the mnitial bit sequence 1n the BRO
interleaving manner, where t,, t-, t and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t.+t;) E
[1/8N, 7/8N], and t +t +t.+t,=N.

In some embodiments, the circular buffer includes the
sixth part, the seventh part, the eighth part and the ninth part.
The sixth part 1s composed of t, bits in the i1mtial bat
sequence 1n the sequential manner or in the BRO 1nterleav-
ing manner, the seventh part 1s composed of t, bits in the
initial bit sequence 1n the BRO interleaving manner, the
eighth part 1s composed of t; bits 1n the 1nitial bit sequence
in the BRO interleaving manner, and the ninth part is
composed of t, bits 1n the 1initial bit sequence in the BRO
interleaving manner, where t,, t-, t; and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (tx+t;) E
[1/8N, 7/8N], and ts+t,+t3+t,=N.

Alternatively, the sixth part 1s composed of t, bits 1n the
initial bit sequence 1 the BRO interleaving manner, the
seventh part 1s composed of t, bits 1n the 1mitial bit sequence
in the BRO 1nterleaving manner, the eighth part 1s composed
of t, bits 1n the 1mnitial bit sequence 1n the BRO interleaving
manner, and the ninth part 1s composed of t, bits 1n the mnitial
bit sequence in the sequential manner or in the BRO
interleaving manner, where t,, t-, t and t, are all integers
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greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (ts+t;) E
[1/8N, 7/8N], and t +t,+ts+t,=N.

In some embodiments, a mother code of the Polar code

| represents a

has a length of N=2I e&2&Rm where |
ceiling operation and m 1s a positive integer.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing BRO interleaving on the
initial bit sequence {S,, S,, ..., S,_,}, and a bit Sn with a
bit position index n 1n the 1n1tial bit sequence 1s mapped onto
a position with a position index mod(BRO(n)+m, N) 1n the
circular bufler by means of a BRO interleaver, where n=0,
1,...,N=-1,m=0,1,...,N-1, mis an offset and mod(x1,x2)
represents a remalnder ef a division x1/x2.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing the BRO interleaving on
the initial bit sequence {S,, S,, . .., Sy_;}, and the bit Sn
with the bit position index n 1n the mnitial bit sequence 1s
mapped onto a position with a position mmdex N-1-mod
(BRO(n)+m, N) 1n the circular buffer by means of the BRO
interleaver, where n=0, 1, ... ,N=-1, m=0, 1, ..., N-1, m
1s the oflset and mod(x1,x2) represents the remainder of the
division x1/x2.

Embodiment 3

This embodiment provides a rate matching device for a
Polar code to 1llustrate an application body of the device 1n
the embodiments described above. The system may 1mple-
ment the method according to the embodiments described
above. What has been described will not be repeated 1n this
embodiment.

FIG. 5 15 a block diagram of a device for processing a bit
sequence according to this embodiment. As shown in FIG.
5, the device may include a processor 50 and a memory 52.

The memory 52 1s configured to store mstructions execut-
able by the processor. The processor 50 i1s configured to
perform, according to the instructions sored in the memory,
the following operations: K bit channels used as information
bits and (N-K) frozen bits are concatenated to generate a bit
sequence of N bits, and the bit sequence of N bits 1s encoded
by means of a Polar code encoder with a generator matrix of
size NxN to generate an initial bit sequence {S,, S, . . .,
Sy_1} of N bits, where K and N are both positive integers
and K 1s less than or equal to N; a circular bufler 1s divided
into q parts, bits are selected from the initial bit sequence
1S, S, ..., S,_,} in a non-repeated manner, and the bits
are written 1nto each part of the circular buller according to
a predefined rule, where g=1, 2, 3 or 4; and a bit sequence
of a specified length 1s sequentially selected from a pre-
defined starting position 1n a bit sequence 1n the circular
bufler and the bit sequence of the specified length 1s taken
as a bit sequence to be transmitted.

In the above device, Polar code 1s performed on a bit
sequence to be transmitted, the bit sequence subject to the
Polar code 1s processed according to a predefined rule to
obtain the bit sequence in the circular builer, and the bit
sequence of the specified length 1s sequentially selected
from the predefined starting position and taken as the bit
sequence to be transmitted. In this way, proper processing
and reading rules are used to adapt to the transmission of
data bits 1n different application scenarios, thereby solving
the problem in the related art that Polar code hardware has
high complexity and has a complicated encoding process in
a hybrid automatic repeat request mechanism, significantly
reducing the complexity of Polar code hardware and sim-

plifying the encoding process.




US 11,342,945 B2

23

In some embodiments, the processor 1s further configured
to perform, according to the instructions sored in the
memory, the following operations: the predefined rule for
the initial bit sequence {S,, S,, ..., Sy, } is determined by
a one-to-one mapping interleaving function 1{n) generated
according to a data characteristic of the Polar code, where
n=0, 1, , N=1, 1(n)=0, 1, , N-1, n 1s a bit position
index 1n the mitial bit sequence, and 1(n) 1s a position index
in the circular bufler; and a bit Sn with a bit position 1ndex
n in the 1mtial bit sequence 1s mapped onto a position with
a position index 1(n) i the circular bufler according to the
one-to-one mapping interleaving function f(n).

It is to be noted that since a mapping {n}—{f(n)} is a
one-to-one mapping, an iverse function p(n) of 1(n), which
satisfies a mapping {p(n)}—={n}, exists. That is, the pre-
defined rule may be determined by a one-to-one mapping
interleaving function p(n) generated according to the data
characteristic of the Polar code, where n=0, 1, , N-1,
p(n)=0, 1, ..., N-1, p(n) 1s a bit position index 1n the nitial
bit sequence, and n 1s a position index 1n the circular butler.
The operation of selecting the bits from the initial bit
sequence {S,, S,, ..., S,._,; } in the non-repeated manner and
writing the bits into the q parts of the circular bufler
according to the predefined rule includes: mapping abit S, ,
with a bit position index p(n) in the 1mitial bit sequence onto
a position with a position imndex n in the circular builer
according to the one-to-one mapping interleaving function
p(n).

In some embodiments, the one-to-one mapping interleav-
ing function i{(n) has the following nesting characteristic:

a mapping {n,}—={f(n,)} may be directly obtained by
deleting an element greater than N, from a sequence {n} and
a sequence {f(n)} in the mapping {n}—{f(n)} of the one-
to-one mapping interleaving function, where n,=0, 1, 2, . .

, Ny—1 and N, 1s a positive integer less than or equal to N.

In some embodiments, the predefined rule for the nitial
bit sequence {S,, S,, . . ., Sy_,} may be performed by
mapping the bit S, with the bit position index n 1n the mnitial
bit sequence onto a position with a position index mod(f
(n)+m, N) 1 the circular bufler according to the data
characteristic of the Polar code, where m=0, 1, ..., N-1, m
1s an offset and mod(x,,x,) represents a remainder of a
division X,/X,, where x; 1s an 1nteger and X, 15 a positive
integer.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

A starting bit position of the bit sequence 1n the circular
butler 1s taken as the predeﬁned starting position.

A position of P,=M-1 1n the circular bufler 1s taken as the
predefined starting position, where P, represents a position
index of the bit sequence 1n the eireular bufler and M 1s a
length of the bit sequence to be transmaitted.

Aposition of P,=N-M 1n the circular buil

er 1s taken as the
predefined starting position, where P, represents the position
index of the bit sequence in the circular butler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
butler 1s taken as the predefined starting position.

In some embodiments, the predefined starting position 1s
selected according to a eede rate of the Polar encoding.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the position of P,=N-M 1n
the circular bufler i1s taken as the predefined starting posi-
tion, where P, represents the position index of the bit
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sequence 1n the circular bufller, M 1s the length of the bit
sequence to be transmitted, and N 1s the length of the initial
bit sequence.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s greater than
the predefined threshold, the starting bit position of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the circular bufler includes a first
part and a second part. The first part 1s composed of tl
continuous bits 1n the initial bit sequence 1n a sequential
manner or 1n a BRO imterleaving manner and the second part
1s composed of the remaining t2 bits 1n the initial bat
sequence 1n the BRO interleaving manner, where t1 and t2

are both integers greater than or equal to 0, t1 & [1/8N,
7/8N], t1+t2=N, N 1s a number of bits 1n the iitial bit

sequence, and N 1s an integer greater than or equal to O.

Alternatively, the first part 1s composed of t2 continuous
bits 1n the imtial bit sequence in the BRO interleaving
manner and the second part 1s composed of the remaining tl
bits 1n the 1nitial bit sequence 1n the sequential manner or in
the BRO interleaving manner, where tl1 and t2 are both
integers greater than or equal to 0, t1 & [1/8N , 7/8N],
t1+t2=N, N 1s the number of bits 1n the initial bit sequence,
and N 1s an mteger greater than or equal to 0.

The first part and the second part are sequentially
arranged to form the bit sequence in the circular bufler.

In some embodiments, the circular buffer includes a third
part, a fourth part and a fifth part. The third part 1s composed
of t3 continuous bits 1n the initial bit sequence i1n the
sequential manner or in the BRO interleaving manner or in
a row-column interleaving manner; the fourth part 1s deter-
mined i1n the following manner: two continuous bit
sequences of length t4 are selected from the imitial bit
sequence and arranged in the BRO interleaving manner or in
the row-column interleaving manner or 1 an interlace
manner; and the fifth part 1s composed o1 t5 bits in the nitial
bit sequence, where 13, t4 and t5 are all integers greater than
or equal to 0, t3+2xt4+t5=N, t3 & [1/8N, 7/8N] and t4 &
[1/16N, 7/16N].

Alternatively, the third part 1s composed of t5 bits in the
initial bit sequence in the sequential manner or in the BRO
interleaving manner or in the row-column interleaving man-
ner; the fourth part 1s determined 1n the following manner:
two continuous bit sequences of length t4 are selected from
the mitial bit sequence and arranged 1n the BRO interleaving
manner or 1n the row-column interleaving manner or in the
interlace manner; and the fifth part 1s composed of the
remaining t3 bits in the 1mitial bit sequence, where 13, t4 and
tS are all integers greater than or equal to 0, t3+2xt4+t5=N,
t3 € [1/8N, 7/8N] and t4 & [1/16N, 7/16N].

The third part, the fourth part and the fifth part are
sequentially arranged to form the bit sequence 1n the circular
bufler.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting p051t1011

The position of P,=M-1 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position index of the bit sequence 1n the eireular butler and
M 1s the length of the bit sequence to be transmitted.

The position of P,=N-M 1n the circular bufler 1s taken as
the predefined starting position, where P, represents the
position mndex of the bit sequence in the circular bufler, M
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1s the length of the bit sequence to be transmitted, and N 1s
the length of the initial bit sequence.

The ending bit position of the bit sequence 1n the circular

builer 1s taken as the predefined starting position.
In some embodiments, the circular bufler includes a sixth
part, a seventh part, an eighth part and a ninth part. The sixth
part 1s composed of ts bits 1n the mitial bit sequence 1n the
BRO interleaving manner, the seventh part 1s composed of
t, bits 1n the 1mitial bit sequence in the sequential manner or
in the BRO 1nterleaving manner, the eighth part 1s composed
of t; bits 1n the 1nitial bit sequence 1in the BRO 1nterleaving
manner, and the ninth part 1s composed of t, bits in the 1nitial
bit sequence 1n the BRO interleaving manner, where t,, t-,
t. and t, are all integers greater than or equal to 0, (t,+t,) ©
[1/8N7/8N], (tz+t;) € [1/8N, 7/8N], and t +t,+ts+t,=N.

Alternatively, the sixth part 1s composed of t, bits 1n the
initial bit sequence 1n the BRO interleaving manner, the
seventh part 1s composed of t, bits 1n the 1mitial bit sequence
in the BRO interleaving manner, the eighth part 1s composed
of t, bits 1n the 1nitial bit sequence 1n the sequential manner
or in the BRO mterleaving manner, and the ninth part is
composed of t, bits in the mitial bit sequence in the BRO
interleaving manner, where t,, t,, t, and t, are all integers
greater than or equal to O, (t.+t,) € [1/8N, 7/8N], (3+t5) E
[1/8N, 7/8N], and t +t,+t +t,=N.

In some embodiments, the circular buffer includes the
sixth part, the seventh part, the eighth part and the ninth part.
The sixth part 1s composed of t, bits in the mmtial bit
sequence 1n the sequential manner or in the BRO 1nterleav-
ing manner, the seventh part 1s composed of t, bits 1n the
initial bit sequence in the BRO interleaving manner, the
cighth part 1s composed of t; bits in the 1mitial bit sequence
in the BRO interleaving manner, and the ninth part is
composed of t, bits 1n the 1initial bit sequence in the BRO
interleaving manner, where t,, t-, t and t, are all integers
greater than or equal to O, (t,+t,) € [1/8N, 7/8N], (3+t5) E
[1/8N, 7/8N], and t +t +t +t,=N.

Alternatively, the sixth part 1s composed of t, bits i the
initial bit sequence 1n the BRO interleaving manner, the
seventh part 1s composed of t, bits 1n the 1nitial bit sequence
in the BRO interleaving manner, the eighth part 1s composed
of t, bits 1n the mitial bit sequence 1n the BRO 1interleaving
manner, and the ninth part 1s composed of t, bits 1n the mnitial
bit sequence in the sequential manner or in the BRO

interleaving manner, where t,, t,, t, and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t.+t;) E
[1/8N, 7/8N], and t +t,+t +t,=N.

In some embodiments, a mother code of the Polar code
has a length of N=2 °&&Rm where [ 1 represents a
ceiling operation, R 1s a code rate, and m 1s a positive
integer.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing BRO interleaving on the
initial bit sequence {S,, S,, ..., S,_,}, and a bit S, with a
bit position 1ndex n 1n the 1nitial bit sequence 1s mapped onto
a position with a position index mod(BRO(n)+m, N) 1n the
circular bufler by means of a BRO nterleaver, where n=0,
1,...,N=-1,m=0,1,...,N-1, m1is an oflset and mod(x1,x2)
represents a remalnder ef a lelSlOIl x1/x2.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing the BRO interleaving on
the initial bit sequence {S,, S,, . . ., S._,}, and the bit Sn
with the bit position index n in the initial bit sequence 1s
mapped onto a position with a position mmdex N-1-mod

(BRO(n)+m, N) 1n the circular bufler by means of the BRO
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interleaver, where n=0, 1, , N=-1, m=0, 1, , N=-1, m
1s the oflset and mod(x1,x2) represents the remainder of the
division x1/x2.

In some embodiments, the processor 1s further configured
to perform, according to the structions sored in the
memory, the following operations: the predefined rule for
the initial bit sequence {S,, S,, ..., Sy, } is determined by
a one-to-one mapping interleaving function f(n) generated
according to a data characteristic of the Polar code, where
n=0, 1, , N-1, 1(n)=0, 1, , N=1, n 1s a bit position
index in the mitial bit sequence, and 1(n) 1s a position index
in the circular bufler; and a bit Sn with a bit position 1ndex
n 1n the 1nitial bit sequence 1s mapped onto a position with
a position mdex 1(n) i the circular bufler according to the
one-to-one mapping interleaving tunction t(n).

In some embodiments, the predefined rule may be deter-
mined by a one-to-one mapping interleaving function p(n)
generated according to the data characteristic of the Polar

code, where n=0, 1, . . . , N-1, p(n)=0, 1, , N=1, p(n) 15
a bit position index 1n the initial bit sequence, and n 1s a
position index in the circular bufler. The operation of
selecting the bits from the initial bit sequence {S,,
S, ..., S,x_;} in the non-repeated manner and writing the
bits 1nto the g parts of the circular bufler according to the
predefined rule includes: mapping a bit Sp(n) with a bit
position index p(n) in the itial bit sequence onto a position
with a position index n 1n the circular buller according to the
one-to-one mapping interleaving tunction p(n).

In some embodiments, the one-to-one mapping interleav-
ing function f(n) has the following nesting characteristic:

a mapping {n,}—={f(n,)} may be directly obtained by
deleting an element greater than N, from a sequence {n} and
a sequence {f(n)} in the mapping {n}—{f(n)} of the one-
to-one mapping interleaving function, where n,=0, 1,
2, ..., Ny—-1 and N, 15 a positive mteger less than or equal
to N.

In some embodiments, the predefined rule for the initial
bit sequence {S,, S,, . . ., S,_,} may be performed by
mapping the bit S, with the bit position index n 1n the mnitial
bit sequence onto a position with a position mdex mod(f
(n)+m, N) 1 the circular bufler according to the data
characteristic of the Polar code, where m=0, 1, ..., N-1, m
1s an offset and mod(x,,Xx,) represents a remainder of a
division Xx,/X,, where x1 1s an integer and X, 1s a positive
integer.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

A starting bit position of the bit sequence 1n the circular
bufler 1s taken as the predeﬁned starting pesr[len

A position of P,=M-1 1n the circular bufler 1s taken as the
predefined starting position, where P, represents a position
index of the bit sequence 1n the eireular bufler and M 1s a
length of the bit sequence to be transmitted.

A position of P,=N-M 1n the circular bufler 1s taken as the
predefined starting position, where P, represents the position
index of the bit sequence in the circular butler, M 1s the
length of the bit sequence to be transmitted, and N 1s a length
of the mitial bit sequence.

An ending bit position of the bit sequence 1n the circular
bufler 1s taken as the predefined starting position.

In some embodiments, the predefined starting position 1s
selected according to a code rate of the Polar encoding.

In some embodiments, the predefined starting position
may be selected 1n the following manner:

When the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the position of P,=N-M 1n
the circular bufler 1s taken as the predefined starting posi-
tion, where P, represents the position index of the bit
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sequence 1n the circular bufler, M 1s the length of the bat
sequence to be transmitted, and N 1s the length of the initial
bit sequence.

The predefined starting position may be selected 1n the
following manner:

When the code rate of the Polar encoding 1s greater than
the predefined threshold, the starting bit position of the bit
sequence 1n the circular bufler 1s taken as the predefined
starting position.

In some embodiments, the circular bufler includes a first
part and a second part. The first part 1s composed of tl
continuous bits 1n the initial bit sequence 1n a sequential
manner or 1n a BRO imterleaving manner and the second part
1s composed of the remaining t2 bits 1n the initial bat
sequence 1n the BRO interleaving manner, where t1 and t2

are both integers greater than or equal to 0, t1 & [1/8N,
7/8N], t1+t2=N, N 1s a number of bits 1n the iitial bit

sequence, and N 1s an integer greater than or equal to 0.

Alternatively, the first part 1s composed of t2 continuous
bits 1 the imtial bit sequence in the BRO interleaving
manner and the second part 1s composed of the remaining t1
bits 1n the 1nitial bit sequence 1n the sequential manner or in
the BRO interleaving manner, where tl and t2 are both
integers greater than or equal to O, t1 € [1/8N, 7/8N],
t1+t2=N, N 1s the number of bits 1n the initial bit sequence,
and N 1s an integer greater than or equal to0.

The first part and the second part are sequentially
arranged to form the bit sequence 1n the circular bufler.

In some embodiments, the circular bufter includes a third
part, a fourth part and a fifth part. The third part 1s composed
of t3 continuous bits 1 the imitial bit sequence 1n the
sequential manner or in the BRO interleaving manner or in
a row-column interleaving manner; the fourth part 1s deter-
mined 1n the following manner: two continuous bit
sequences of length t4 are selected from the imitial bat
sequence and arranged 1n the BRO interleaving manner or 1in
the row-column interleaving manner or 1 an interlace
manner; and the fifth part 1s composed o1 t5 bits in the mnitial
bit sequence, where 13, t4 and t5 are all integers greater than
or equal to 0, 3+2xt4+t5=N, t3 & [1/8N, 7/8N] and t4 &
[1/16N, 7/16N].

Alternatively, the third part 1s composed of t5 bits i the
initial bit sequence in the sequential manner or in the BRO
interleaving manner or 1n the row-column interleaving man-
ner; the fourth part 1s determined 1n the following manner:
two continuous bit sequences of length t4 are selected from
the mitial bit sequence and arranged 1n the BRO 1nterleaving,
manner or 1n the row-column interleaving manner or in the
interlace manner; and the fifth part 1s composed of the
remaining t3 bits in the 1mitial bit sequence, where 3, t4 and
tS are all integers greater than or equal to 0, t3+2xt4+t5=N,
t3 & [1/8N, 7/8N] and t4 € [1/16N, 7/16N].

The third part, the fourth part and the fifth part are
sequentially arranged to form the bit sequence 1n the circular
builer.

In some embodiments, the predefined starting position 1s
selected 1n one of the following manners:

The starting bit position of the bit sequence in the circular
butler 1s taken as the predefined starting position.

The position of P,=M-1 1n the circular bufler is taken as
the predefined starting position, where P, represents the
position mdex of the bit sequence 1n the circular bufler and
M 1s the length of the bit sequence to be transmitted.

The position of P,=N-M 1n the circular builer 1s taken as
the predefined starting position, where P, represents the
position mndex of the bit sequence in the circular bufler, M
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1s the length of the bit sequence to be transmitted, and N 1s
the length of the initial bit sequence.

The ending bit position of the bit sequence 1n the circular

builer 1s taken as the predefined starting position.
In some embodiments, the circular builer includes a sixth
part, a seventh part, an eighth part and a ninth part. The sixth
part 1s composed of t. bits 1n the mitial bit sequence in the
BRO interleaving manner, the seventh part 1s composed of
t, bits 1n the 1nitial bit sequence 1n the sequential manner or
in the BRO 1nterleaving manner, the eighth part 1s composed
of t; bits 1n the 1nitial bit sequence 1n the BRO interleaving
manner, and the ninth part 1s composed of t, bits in the 1nitial
bit sequence 1n the BRO interleaving manner, where t,, t-,
t. and t, are all integers greater than or equal to 0, (t,+t,) €
[1/8N, 7/8N], (tg+t;) € [1/8N, 7/8N], and t +t +t,+t,=N.

Alternatively, the sixth part 1s composed of t, bits 1n the
initial bit sequence 1n the BRO interleaving manner, the
seventh part 1s composed of t, bits in the mitial bit sequence
in the BRO interleaving manner, the eighth part 1s composed
of t, bits 1n the 1nitial bit sequence 1n the sequential manner
or in the BRO interleaving manner, and the minth part is
composed of t, bits in the mitial bit sequence i the BRO
interleaving manner, where t,, t,, t, and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t+t;) E
[1/8N, 7/8N], and t +t,+ts+t,=N.

In some embodiments, the circular bufler includes the
s1xth part, the seventh part, the eighth part and the ninth part.
The sixth part 1s composed of t, bits in the mmitial bat
sequence 1n the sequential manner or in the BRO 1nterleav-
ing manner, the seventh part 1s composed of t, bits 1n the
initial bit sequence in the BRO interleaving manner, the
eighth part 1s composed of ty bits 1n the 1mitial bit sequence
in the BRO interleaving manner, and the ninth part is
composed of t, bits in the 1initial bit sequence in the BRO
interleaving manner, where t,., t,, t; and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t+t;) E
[1/8N, 7/8N], and t +t +t +t,=N.

Alternatively, the sixth part 1s composed of t, bits in the
initial bit sequence 1 the BRO interleaving manner, the
seventh part 1s composed of t, bits 1n the 1nitial bit sequence
in the BRO interleaving manner, the eighth part 1s composed
of t, bits 1n the mitial bit sequence 1n the BRO 1interleaving
manner, and the ninth part 1s composed of t, bits 1n the nitial
bit sequence in the sequential manner or i the BRO
interleaving manner, where t,, t,, t, and t, are all integers
greater than or equal to 0, (t.+t,) € [1/8N, 7/8N], (t+t;) E
[1/8N, 7/8N], and t +t,+ts+t,=N.

In some embodiments, a mother code of the Polar code
has a length of N=2 °&&Rbkm where [ 1 represents a
ceiling operation, R 1s a code rate, and m 1s a positive
integer.

In some embodiments, the bit sequence 1n the circular
bufler 1s obtained by performing BRO interleaving on the
initial bit sequence {S,, S,,...,S,_,},anda bit S, with a
bit position index n 1n the 1nitial bit sequence 1s mapped onto
a position with a position index mod(BRO(n)+m, N) 1n the
circular bufler by means of a BRO interleaver, where n=0,
1,...,N=-1,m=0,1,...,N-1,mis an oflset and mod(x1,x2)
represents a remainder ol a division x1/x2.

In some embodiments, the bit sequence in the circular
bufler 1s obtained by performing the BRO interleaving on
the initial bit sequence {S,, S,, . .., S,_,}, and the bit Sn
with the bit position index n in the mnitial bit sequence 1s
mapped onto a position with a position mmdex N-1-mod

(BRO(n)+m, N) 1n the circular bufler by means of the BRO
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interleaver, where n=0, 1, .. . ,N=-1, m=0, 1, ..., N=-1, m
1s the oflset and mod(x1,x2) represents the remainder of the
division x1/x2.

Examples are given below to illustrate the processing
methods and mmplementation modes in the embodiments
described above 1n this embodiment.

EXAMPLE 1

1. Polar code 1s performed on an information bit sequence
of length K=4 using code rate R=2/3, and a length of the
encoded bit sequence is N=2! °s2&R)|=pl leg:4x3/2)|_g

2. A mapping function for mapping the 1nitial bit sequence
1s determined by a BRO operation (which 1s not limited
herein) to obtain the bit sequence {S,, S,, S,, S, S;, S, S.,
S.} in the circular buffer.

3. Six bits {S,, S,, S,, S¢, S;, S5} are read in an ascending
order of indexes from a starting position in the circular

builer.

4. The six data bits {S,, S,, S,, S¢. S, S5} are sequentially
arranged and transmitted as a rate matching data bait
sequence to be transmitted.

EXAMPLE 2

Step 1 and step 2 are the same as those 1n the example 1.

3. Six bits {S., S, S, S,,S,, S, } are read in a descending
order of indexes from a position with a position index
PO=M-1=5 1n the circular builer.

4. The six data bits {S., S,, S., S,, S, S,} are reversely
arranged and transmitted as the rate matching data bit
sequence to be transmitted.

EXAMPLE 3

Step 1 and step 2 are the same as those 1n the example 1.

3. Six bits {S,, S¢, S,, S5, S;, S, } are read in the ascending
order of indexes from a position with a position index
PO=N-M=2 1n the circular bufler.

4. The six data bits {S,, S, S|, S5, S5, S, } are sequentially
arranged and transmitted as the rate matching data bit
sequence to be transmitted.

EXAMPLE 4

Step 1 and step 2 are the same as those in the example 1.

3. Six bits {S., S;, S., S,, S, S,} are read in the
descending order of indexes from an ending position 1n the
circular bufler.

4. The six data bits {S., S;, S5, S;, S,, S, } are reversely
arranged and transmitted as the rate matching data bit
sequence to be transmitted.

EXAMPLE 5

Step 1 1s the same as that 1n the example 1.

2. The bit sequence 1n the circular buller obtained 1n the
example 1 is reversely arranged to obtain {S-, S5, S., S|, Sq.
S.. S., S}

Step 3 and step 4 are the same as those 1n the example 1.

EXAMPLE 6

Step 1 and step 2 are the same as those 1n the example 5.
Step 3 and step 4 are the same as those 1n the example 2.
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EXAMPLE 7

Step 1 and step 2 are the same as those 1n the example 5.
Step 3 and step 4 are the same as those 1n the example 3.

EXAMPLE 3

Step 1 and step 2 are the same as those 1n the example 5.
Step 3 and step 4 are the same as those 1n the example 4.

EXAMPLE 9

1. The Polar code 1s performed on an information bit

sequence of length K=2 using code rate R=2/3, and the

length of the encoded bit sequence 1s N=2| 7eg2&R)|-
2[ Zogz(ZRSHZ)]:AI_‘

2. According to a BRO nesting characteristic of the
mapping function of the mnitial bit sequence, elements with
position indexes greater than or equal to 4 may be directly
deleted from the bit sequence in the circular bufler 1n the
example 1 to obtain the bit sequence {S,, S,, S,, S;} in the
circular bulifer.

3. Three bits {S,, S, S, } are read in the ascending order
ol indexes from the starting position 1n the circular builer.

4. The three data bits {S,, S,, S,} are sequentially
arranged and transmitted as the rate matching data bat
sequence to be transmitted.

EXAMPLE

10

Step 1 and step 2 are the same as those 1n the example 9.

3. Three bits {S,, S,, S} are read in the descending order
of indexes from a position with a position index PO=M-1=2
in the circular bufler.

4. The three data bits {S,, S,, S} are reversely arranged
and transmitted as the rate matching data bit sequence to be
transmitted.

EXAMPL.

L1

11

Step 1 and step 2 are the same as those 1n the example 9.

3. Three bits {S., S,, S,} are read in the ascending order
of indexes from a position with a position index PO=N-M=1
in the circular bufler.

4. The three data bits {S,, S,, S,} are sequentially
arranged and transmitted as the rate matching data bat
sequence to be transmitted.

EXAMPLE

12

Step 1 and step 2 are the same as those 1n the example 9.

3. Three bits {S;, S,, S, } are read in the descending order
of indexes from the ending position in the circular builer.

4. The three data bits {S;, S,, S,} are reversely arranged
and transmitted as the rate matching data bit sequence to be
transmitted.

EXAMPLE

13

Step 1 1s the same as that 1n the example 9.

2. The b1t sequence in the circular buller obtained 1n the
example 9 is reversely arranged to obtain {S;, S, S,, S,}.

Step 3 and step 4 are the same as those 1n the example 9.
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EXAMPL,

(L]

14

Step 1 and step 2 are the same as those 1n the example 13.
Step 3 and step 4 are the same as those 1in the example 10.

EXAMPL.

(L]

15

Step 1 and step 2 are the same as those in the example 13.
Step 3 and step 4 are the same as those in the example 11.

EXAMPL.

L1l

16

Step 1 and step 2 are the same as those 1n the example 13.

Step 3 and step 4 are the same as those 1n the example 12.

The cases where the bit sequence 1n the circular bufler 1s
divided into two parts are described below.

EXAMPL.

L1

17

ter of the

The rate matching method for the circular bu
Polar code includes the steps described below.

1. The Polar code 1s performed on an information bit
sequence ol length K=8 using code rate R=1/3, and the
length of the encoded bit sequence is N=2! s2&R)]=
Hlogx(8x3) gy

2. A part 1 of the circular bufler 1s composed of 6
continuous bits {S,, S,, . . ., S;} in the encoded bit
sequence; a part 2 of the circular bufler 1s composed of the
continuous bits {S., S., . . ., S,,} in the encoded bit
sequence 1 the BRO interleaving manner and thus a bit
sequence in the part 2 is arranged as {S, 4, Sq, S,4, S50, Sy,
Dogs D1gs D105 Do Der Da2s D1as D305 D175 Dgs D55 D215 D135 D9,
819: Sll: 827: S?: 8233 SlSﬂ SSl}'

3. 24 bits are read 1n the ascending order of indexes from
a bit position with a position index P,=N-M=N-K/R=32-
24=8 1n the circular bufler.

4. The 24 data bits are sequentially arranged and trans-

mitted as the rate matching data bit sequence to be trans-
mitted.

EXAMPL.

L1

13

ter of the

The rate matching method for the circular bu
Polar code includes the steps described below.

Step 1 and step 2 are the same as those 1n the example 17.

3. 24 bits are read in the descending order of indexes from
the ending bit position 1n the circular butler.

4. The 24 data bits are reversely arranged and transmitted
as the rate matching data bit sequence to be transmitted.

EXAMPL.

(Ll

19

ter of the

The rate matching method for the circular bu
Polar code includes the steps described below.
1. The Polar code 1s performed on an information bit

sequence of length K=8 using code rate R=1/3, and the

length of the encoded bit sequence 1s N=2! ‘ez2&R)|_
2[3{}32(8::{3)]:32'

2. The part 1 of the circular bufler 1s composed of 26
continuous bits {S,,, S,,, . . ., S} in the encoded bit
sequence 1n the BRO interleaving manner; the part 2 of the
circular buffer is composed of 6 continuous bits {S.,
S4 - .., Sy} in the encoded bit sequence in the sequential
manner.

3. 24 bits are read i1n the ascending order of indexes from
the starting position 1n the circular bufler.
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4. The 24 data bits 1n a bit sequence read from the circular
bufler are reversely arranged and transmitted as the rate

matching data bit sequence to be transmitted.

EXAMPL.

L1l

20

The rate matching method for the circular bufler of the
Polar code includes the steps described below.

Step 1 and step 2 are the same as those in the example 17.

3. 24 bits are read 1n the descending order of indexes from
a bit position with a position index P,=M-1=K/R-1=24-
1=23 1n the circular buifer.

4. The 24 data bits 1n the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.

The cases where the bit sequence 1n the circular butler 1s
divided into three parts are described below.

EXAMPL.

(L]

21

The rate matching method for the circular bufler of the
Polar code includes the steps described below.

1. The Polar code 1s performed on an information bit
sequence of length K=64 using code rate R=1/3, and the

length of the encoded bit sequence is N=2/7&ER]-
[ logx(64x3)] 5 ¢

2. A part 3 of the circular bufler 1s composed of 64
continuous bits {S,, S,, . . ., Sg} in the encoded bit
sequence 1n the sequential manner; a part 4 of the circular
buffer is composed of 64 bits {S,,, Sss, . . ., S,5,} and 64
bits {S,,¢, S;00s - - . » S, } in the encoded bit sequence in
the interlace manner, which means that the part 4 1s com-
posed of bits {S¢., Sisgs Sess Sisos - -+ 5 S5m0, Sio; b @ part
5 of the circular bufler 1s composed of 64 continuous bits
IS5 Sioss - - - » S,s5+ in the encoded bit sequence in the
sequential manner. Therefore, the bit sequence 1n the circu-

lar buffer is {S,, Sy, . .., Sz, Seas Siogs Sess Ssos - -
Sio1s S1925 So3s -+« 5 Sass)

3. 192 bits are read 1n the ascending order of indexes from
a bit position with a position mndex P,=N-M=N-K/R=256-
192=64 1n the circular builer.

4. The 192 data bits are sequentially arranged and trans-
mitted as the rate matching data bit sequence to be trans-
mitted.

) SlZ’?’!

EXAMPL.

22

(Ll

The rate matching method for the circular bufler of the
Polar code includes the steps described below.

Step 1 and step 2 are the same as those 1n the example 21.

3. 192 bits are read 1n the descending order of indexes
from the ending bit position in the circular buifer.

4. The 192 data bits are reversely arranged and transmit-
ted as the rate matching data bit sequence to be transmitted.

EXAMPLE 23

The rate matching method for the circular bufler of the
Polar code includes the steps described below.

1. The Polar code 1s performed on the mmformation bit
sequence of length K=64 using code rate R=1/3, and the

length of the encoded bit sequence 1s N=270g2&/R) |
2[Zﬂg2(64x3)]:256‘

2. The part 3 of the circular bufler 1s composed of 64
continuous bits {S,55, S, . . ., S,o,} in the encoded bit
sequence 1n the sequential manner; the part 4 of the circular

buffer is composed of 64 bits {S,5,, S;00s - - - » S;55} and 64
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bits {S,57, S, 56, - - - » S¢4} in the encoded bit sequence in the
interlace manner, which means that the part 4 1s composed
0f bits 48,615 Sis7: Sio0s Siags « + + 5 Siogs Seats the part 5 of
the circular buffer is composed of 64 continuous bits {S.;,
Sers - . .5 S, } in the encoded bit sequence in the sequential
manner. Therefore, the bit sequence 1n the circular bufler 1s

152555 Sa545 - -+ 5 S1925 S1015 S1275 S100s S - -
Seas Sy - - -5 Sy}

3. 192 bits are read 1n the ascending order of indexes from
the starting position 1n the circular bufler.

4. The 192 data bits 1 a bit sequence read from the
circular bufler are reversely arranged and transmitted as the
rate matching data bit sequence to be transmitted.

* 81283 864:

EXAMPL.

(L]

24

ter of the

The rate matching method for the circular bu
Polar code includes the steps described below.

Step 1 and step 2 are the same as those in the example 23.

3. 192 bits are read 1in the descending order of indexes
from a bit position with a position index P,=M-1=K/R-
1=192-1=191 1n the circular builer.

4. The 192 data bits 1n the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.

The cases where the bit sequence 1n the circular bufler 1s
divided into four parts are described below.

EXAMPL.

L1

25

1. The Polar code 1s performed on an information bit
sequence ol length K=9 using code rate R=1/2, and the
length of the encoded bit sequence 15 N=
2| logr(K/R) 2| logr(9%2)| 4~

2. A bit sequence set is defined as {Szzo0 =150, Sas, Ss.
S:Zl: SlS: 829: SSﬂ SlQ: Sll: SZT: S’?: S.'23: SlS: SBI}' Apart 6
{1,} of the circular buffer includes an intersection of {S,,
Sy, ..., Ss} and {Sz.n, ) and is arranged in the BRO
interleaving manner as {Ili:{SS, S;}, where =18, . . ., 31.
A part 7 {1} of the circular buffer is a difference set of {S,,
S, ..., S}t and {I,} and is arranged in the sequential
manner as {1,}={S,, S, S,, S, }. Apart 9 {I,} of the circular
buffer includes an intersection of {S., S, . . ., S;,} and
1Ssrot and is arranged in the BRO interleaving manner as
{14}:{89: Doss D515 D135 Dags Dygy D11y Da7s D7, Doz, D5, S31}-
A part 8 {8, } of the circular buffer is a difference set of {S,
S.. ..., S8, } and {S,} and is arranged in the BRO
interleaving manner as {I;}:{SW Ses Soss Sons Sisy Sha, Sia
Sios Saes Ses Sos, Sias Sans S, }. Therefore, the bit sequence
in the circular buffer is {S., S5, Si, S;, S,, S4, Sie, Sqs Sou.
D205 D125 Doy D1gs D10y D26y Des D225 D145 D305 D175 Doy D255 Do
S135 829y S1os 814, S57, S5, 8o, Sy, Sy

3. It R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the ascending order of mdexes from a starting
position of the part 7 in the circular bufler; 11 R=1/2 1s less
than the predefined threshold, 18 bits are read 1n the ascend-
ing order of indexes from a position with a position 1index
P,=N-M=14 1n the circular builer.

4. The 18 data bits in the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.

EXAMPL.

26

(Ll

Step 1 and step 2 are the same as those 1n the example 25.
3. It R=1/2 1s greater than the predefined threshold, 18 bits
are read in the descending order of mndexes from an ending
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position of the part 8 1n the circular bufler; if R=1/2 1s less
than the predefined threshold, 18 bits are read in the
descending order of indexes from the ending position in the
circular bufler.

4. The 18 data bits 1in a bit sequence read from the circular
bufler are reversely arranged and transmitted as the rate
matching data bit sequence to be transmitted.

EXAMPL.

(Ll

27

The step 1 1s the same as that 1n the example 25.

2. The bit sequence 1n the circular bufler obtained i the
example 25 is reversely arranged to obtain {S;,, S, 5, S,3, S,
S.’ZT? Sllfj SlS'fj SZQ? Sl?ﬂ S213 8255 893 SlTﬂ S305 Slél-fJ 822? Sﬁi? SZG!
SlD! SlB! 8285 SlZ! S2D! 824! SB! SltﬁfJ S4! S2! Sl! SD! SB! SS}

3. If R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the ascending order of indexes from the starting
position of the part 7 in the circular bufler; 11 R=1/2 1s less
than the predefined threshold, 18 bits are read 1n the ascend-
ing order of indexes from the starting position 1n the circular

bufter.

4. The 18 data bits 1 the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.

EXAMPL.

L1l

28

Step 1 and step 2 are the same as those in the example 27.

3. If R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the descending order of indexes from the ending
position of the part 8 in the circular bufler; 11 R=1/2 1s less
than the predefined threshold, 18 bits are read in the
descending order of indexes from a position with a position
index P,=M-1=17 1n the circular bufter.

4. The 18 data bits 1in a bit sequence read from the circular
bufler are reversely arranged and transmitted as the rate
matching data bit sequence to be transmitted.

EXAMPL.

29

(Ll

Step 1 1s the same as that 1n the example 25.

2. The part 6 of the circular buffer is {I, }={S,, S,, S,, S}
the part 7 is {1,}={Ss, S}, the part 8 is {I5}={S,, S.5, S5,
S35 Sa0s S195 115 S35, Sz, 853, Sys, S5, ) and the part 9 is
1141718165 Sg: S4s Sa0, S5, Sagy 150 S10s Sa6: S a0 S
Sios S,5}. Therefore, the bit sequence in the circular buffer
18 {So: Sy, S, 840 S5, S5, S, 855, 851, 815, S0, S10: S14, Sy
S?: 823: SlS: S3l: Slﬁ: SS: 824: SQ,D: Slza SZS: SIS: SlD: 826: Sﬁ:
Soos D145 D30, 817}-

3. If R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the ascending order of mndexes from a starting
position of the part 9 in the circular bufler. If the reading
goes to the ending position 1n the circular builer, the reading

1s continued from the starting position in the circular bufler
until the reading of 18 bits 1s completed. If R=1/2 1s less than
the predefined threshold, 18 bits are read in the ascending
order of indexes from the starting position of the part 8 1n the
circular bufler. I the reading goes to the ending position 1n
the circular butler, the reading 1s continued from the starting,
position in the circular builer until the reading of 18 bits 1s
completed.

4. The 18 data bits 1n the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.
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Step 1 and step 2 are the same as those 1n the example 29.

3. It R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the descending order of indexes from an ending
position of the part 6 1n the circular bufler. If the reading
goes to the starting position in the circular bufler, the reading
1s continued from the ending position 1n the circular builer
until the reading of 18 bits 1s completed. If R=1/2 is less than
the predefined threshold, 18 bits are read in the descending,
order of indexes from a position with a position index P,=23
in the circular butler.

4. The 18 data bits 1n a bit sequence read from the circular
bufler are reversely arranged and transmitted as the rate
matching data bit sequence to be transmitted.

EXAMPL.

(Ll

31

Step 1 1s the same as that 1n the example 29.

2. The bit sequence in the circular bufler 1s obtained by
reversely arranging the bit sequence 1n the example 29.

3. It R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the ascending order of indexes from the starting
position of the part 9 1n the circular bufler. If the reading
goes to the ending position 1n the circular butler, the reading
1s continued from the starting position in the circular bufler
until the reading of 18 bits 1s completed. If R=1/2 1s less than
the predefined threshold, 18 bits are read in the ascending
order of indexes from a position with a position index P,=8
in the circular butler.

4. The 18 data bits 1n the bit sequence read from the
circular bufler are sequentially arranged and transmitted as
the rate matching data bit sequence to be transmitted.

EXAMPL.

(Ll
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Step 1 and step 2 are the same as those 1n the example 31.

3. It R=1/2 1s greater than the predefined threshold, 18 bits
are read 1n the descending order of indexes from the ending
position ol the part 6 1n the circular bufler. If the reading
goes to the starting position 1n the circular bufler, the reading
1s continued from the ending position 1n the circular builer
until the reading of 18 bits 1s completed. If R=1/2 is less than
the predefined threshold, 18 bits are read in the descending,
order of indexes from an ending position of the part 7 in the
circular bufler.

4. The 18 data bits 1n a bit sequence read from the circular
bufler are reversely arranged and transmitted as the rate
matching data bit sequence to be transmitted.

EXAMPL.

(Ll

33

1. The Polar code 1s performed on the information bit
sequence of length K=2 using code rate R=2/3, and the
length of the encoded bit sequence 1s N=
I leax(KIR) |+m=n[ log2(2x3/2)|+1 @ * At this time, m=1, but m is
not limited to 1.

2. The BRO interleaving 1s performed on the 1mtial bat
sequence according to 1ts mapping function to obtain the bit
sequence {S,, S,, S5, Sq, S,, Ss, S, ST} in the circular buffer.

3. Three bits {S, S,. S, } are read in the ascending order
of indexes from the starting position 1n the circular bufler.

4. The three data bits {S,, S,, S,} are sequentially
arranged and transmitted as the rate matching data bit
sequence to be transmitted.
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EXAMPL,

(L]

34

Step 1 and step 2 are the same as those in the example 33.

3. Three bits {S,, S,, S} are read in the descending order
of indexes from a position with a position index PO=M-1=2
in the circular bufler.

4. The three data bits {S,, S,, S,} are reversely arranged

and transmitted as the rate matching data bit sequence to be
transmuitted.

EXAMPL.

(L]

35

Step 1 and step 2 are the same as those in the example 33.

3. Three bits {S., S,, S,} are read in the ascending order
of indexes from a position with a position index PO=N-M=5
in the circular builer.

4. The three data bits {S., S,, S,} are sequentially
arranged and transmitted as the rate matching data bat
sequence to be transmitted.

EXAMPL.

L1

36

Step 1 and step 2 are the same as those in the example 33.

3. Three bits {S.,, S,, S, } are read in the descending order
of indexes from the ending position in the circular butler.

4. The three data bits {S,, S, S;} are reversely arranged
and transmitted as the rate matching data bit sequence to be
transmitted.

EXAMPL.

37

(Ll

Step 1 1s the same as that 1n the example 33.

2. The b1t sequence in the circular buller obtained 1n the
example 33 is reversely arranged to obtain {S., S,, S, S,
Ser So, S4, Sp b

Step 3 and step 4 are the same as those 1n the example 33.

EXAMPLE 38

Step 1 and step 2 are the same as those in the example 37.
Step 3 and step 4 are the same as those in the example 34.

EXAMPLE 39

Step 1 and step 2 are the same as those in the example 37.
Step 3 and step 4 are the same as those in the example 35.

EXAMPLE 40

Step 1 and step 2 are the same as those in the example 37.
Step 3 and step 4 are the same as those in the example 36.

EXAMPLE 41

1. The Polar code 1s performed on an information bit
sequence of length K=24 using code rate R=1/4, and the
length of the encoded bit sequence 1s N=128.

2. The mapping function for mapping the mnitial bit
sequence 1s determined by p(n). The mapping function may
be any one of the mapping functions 1n the examples 1 to 40,
or may also be another one-to-one mapping function.

3. If the code rate R 1s less than the predefined threshold,
M=96 bits are read 1n the ascending order of indexes from

a position with a position index PO=N-M=32 in the circular
bufler.

EXAMPL.

42

(Ll

1. The Polar code 1s performed on the information bit
sequence of length K=24 using code rate R=2/3, and the
length of the encoded bit sequence 1s N=64.
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2. The mapping function for mapping the mitial bit
sequence 1s determined by p(n). The mapping function may
be any one of the mapping functions 1n the examples 1 to 40,
or may also be another one-to-one mapping function.

3. If the code rate R i1s greater than the predefined

threshold, M=36 bits are read in the ascending order of
indexes from the starting position in the circular butler.

Embodiment 4

This embodiment provides a storage medium. For
example, 1n this embodiment, the storage medium may be
configured to store program codes for executing the method
for processing the bit sequence according to the embodiment
described above.

For another example, in this embodiment, the storage
medium may be located 1n any one of a group of computer
terminals 1n a computer network, or located in any one of a
group ol mobile terminals.

For another example, in this embodiment, the storage
medium 1s configured to store program codes for executing,
the steps described below.

In S1, K bit channels used as information bits and (N-K)
frozen bits are concatenated to generate a bit sequence of N
bits, and the bit sequence of N bits 1s encoded by means of
a Polar code encoder with a generator matrix of size NxN to
generate an initial bit sequence {S,, S, . .., S,_, } of N bits,
where K and N are both positive integers and K 1s less than
or equal to N.

In S2, a circular buffer 1s divided into q parts, bits are
selected from the initial bit sequence {S,, S,, ..., S,x_,} in
a non-repeated manner, and the bits are written 1nto each part
of the circular bufller according to a predefined rule, where
qg=1, 2, 3 or 4.

In S3, a bit sequence of a specified length 1s sequentially
selected from a predefined starting position 1n a bit sequence
in the circular bufler and the bit sequence of the specified
length 1s taken as a bit sequence to be transmitted.

The serial numbers of the above embodiments are merely
for ease of description and do not indicate superiority and
inferiority of the embodiments.

In the above embodiments, for a part not described in
detail 1n one or more embodiments, reference may be made
to the related description 1n other embodiments.

The technical content disclosed in the embodiments of the
present application may be implemented 1n other ways. The
device embodiments described above are merely illustrative.
For example, a unit classification 1s merely a logical function
classification, and, 1n practice, the unit classification may be
implemented in other ways. For example, multiple units or
components may be combined or may be integrated into
another system, or some features may be omitted or not
executed. Additionally, the presented or discussed mutual
coupling, direct coupling or communication connections
may be indirect coupling or communication connections via
interfaces, units or modules, or may be electrical or 1n other
forms.

The units described above as separate components may or
may not be physically separated. Components presented as
units may or may not be physical units, 1.e., may be located
in one place or may be distributed on multiple network units.
Part or all of these units may be selected according to actual
requirements to achieve objects of the solutions in the
embodiments of the present disclosure.

Additionally, multiple functional units 1n each embodi-
ment may be mtegrated into one processing unit, or each unit
may be physically present, or two or more units may be

.
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integrated into one unit. The mntegrated unit may be imple-
mented by hardware or a soitware functional unait.

The integrated unit may be stored in a computer-readable
storage medium 1f 1implemented in the form of a software
functional unit and sold or used as an independent product.
The content provided by the present disclosure substantially
or the part contributing to the existing art or all or part of the
technical solutions may be embodied in the form of a
software product. The software product is stored 1n a storage
medium and includes several instructions for enabling a
computer device (which may be a personal computer, a
server, a network device or the like) to execute all or part of
the steps 1n the method according to the embodiments
described above. The foregoing storage medium includes: a
U disk, a read-only memory (ROM), a random access
memory (RAM), a mobile hard disk, a magnetic disk, an
optical disk or another medium capable of storing program
codes.

INDUSTRIAL APPLICABILITY

The rate matching method and device for the Polar code
provided by the present disclosure can solve the problems
that Polar code hardware has high complexity and has a
complicated encoding process in a hybrid automatic repeat
request mechanism, significantly reducing the complexity of
Polar code hardware and simplifying the encoding process.

What 1s claimed 1s:
1. A rate matching method for a Polar code, comprising;:
concatenating K information bits and (N-K) frozen bits to
generate a bit sequence of N bits, and encoding the bat
sequence ol N bits by means of a Polar code encoder
with a generator matrix of size NxN to generate an
initial bit sequence {S,, S,, . . ., S,.,} of N bits,
wherein K and N are both positive integers and K 1s less
than or equal to N;

selecting bits from the initial bit sequence {S,, S, . . .,
Sy_1} and writing the bits into a circular buffer; and

sequentially selecting a bit sequence of a specified length
from a predefined starting position in a bit sequence 1n
the circular bufller; and

transmitting a bit sequence based on the bit sequence of

the specified length,

wherein the predefined starting position 1s selected 1n the

following manner:

when the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the predefined start-
ing position 1s determined as P,=N-M 1n the circular
buffer, wherein P_ represents the position index of
the bit sequence 1n the circular builer, M 1s the length
of the bit sequence to be transmitted, and N 1is the
length of the initial bit sequence.

2. The method of claim 1, wherein the writing the bits into
the circular builer comprises:

writing the bits into the circular bufler based on a pre-

defined rule, wherein the predefined rule 1s determined
by a one-to-one mapping interleaving function p(n),
wherein n=0, 1, .. ., N=-1, p(n)=0, 1, . . . , N-1, p(n)
1s a bit position 1index 1n the 1nitial bit sequence, and n
1s a position index in the circular bufler.

3. The method of claim 1, wheremn the sequentially
selecting the bit sequence of the specified length from the
predefined starting position in the bit sequence in the cir-
cular bufler comprises:

sequentially selecting bits 1 an ascending order of

indexes from a predefined position 1in the bit sequence
in the circular bufler,
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reading from the predefined position to a first end of the
bit sequence 1n the circular bufler, and
continuing the reading from a second end of the bit
sequence 1n the circular bufler until the bit sequence of
the specified length 1s read.
4. An apparatus for rate matching for a Polar code,
comprising:
a processor; and
a non-transitory memory with 1nstructions thereon,
wherein the mstructions upon execution by the proces-
sor cause the processor to:
concatenate K information bits and (N-K) frozen bits
to generate a bit sequence of N bits, and encode the
bit sequence of N bits by means of a Polar code
encoder with a generator matrix of size NxN to
generate an initial bit sequence {S,, S,, ..., Sy}
of N bits, wherein K and N are both positive integers
and K 1s less than or equal to N;
select bits from the initial bit sequence {S,, S, . . .,
S} and write the bits into a circular buffer;
sequentially select a bit sequence of a specified length
from a predefined starting position 1 the bit
sequence 1n the circular bufler; and
transmit a bit sequence based on the bit sequence of the
specified length,
wherein the predefined starting position 1s selected 1n the

following manner:
when the code rate of the Polar encoding 1s less than or

equal to a predefined threshold, the predefined start-
ing position 1s determined as P,=N-M 1n the circular
bufler, wherein P, represents the position index of
the bit sequence 1n the circular builer, M 1s the length

of the bit sequence to be transmitted, and N 1s the
length of the 1nitial bit sequence.
5. The apparatus of claim 4, wherein writing the bits 1nto
the circular buller comprises:
writing the bits into the circular bufler based on a pre-

defined rule, wherein_the predefined rule 1s determined
by a one-to-one mapping interleaving function p(n),
wherein n=0, 1, , N=1, p(n)=0, 1, , N=-1, p(n)
1s a bit position 1ndex n the initial bit Sequenee and n
1s a position index in the circular bufler.

6. The apparatus of claim 4, wherein the instructions upon
execution by the processor further cause the processor, as
part of sequentially selecting the bit sequence of the speci-
fied length from the predefined starting position 1n the bit
sequence 1n the circular bufler, to:

sequentially select bits 1 an ascending order of indexes

from the predefined position in the bit sequence 1n the
circular bufler,

read from the predefined position to a first end of the bit

sequence 1n the circular bufler, and

40

continue to read from a second end of the bit sequence 1n

the circular bufler until the bit sequence of the specified
length 1s read.

7. A non-transitory tangible computer-readable storage

5 medium embodying program code executable by a comput-
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ing system, the program code comprising:
instructions for concatenating K information bits and

(N-K) frozen bits to generate a bit sequence of N bits,
and encoding the bit sequence of N bits by means of a
Polar code encoder with a generator matrix of size NxN
to generate an initial bit sequence {S,, S, . .., Sy}
of N bits, wherein K and N are both positive integers
and K 1s less than or equal to N;

instructions for selecting bits from the initial bit sequence

IS0, Sy, ..., Sy} and writing the bits into a circular
bufler:

instructions for sequentially selecting a bit sequence of a

specified length from a predefined starting position 1n a
bit sequence 1n the circular bufler; and

instructions for transmitting a bit sequence based on the

bit sequence of the specified length,

wherein the predefined starting position 1s selected 1n the

following manner:
when the code rate of the Polar encoding 1s less than or
equal to a predefined threshold, the predefined start-
ing position 1s determined as P,=N-M 1n the circular
bufler, wherein P, represents the position index of
the bit sequence 1n the circular budl

er, M 1s the length
of the bit sequence to be transmitted, and N 1s the
length of the mitial bit sequence.

8. The non-transitory tangible
medium of claim 7, wherein the

computer-readable storage
instructions for writing the

bits 1nto the circular bufler comprises:
instructions for writing the bits to the circular builer

based on a predefined rule, wherein the predefined rule
1s determined by a one-to-one mapping interleaving
function p(n), wheremn n=0, 1, . . . , N-1, p(n)=0,
1, ..., N=1, p(n) 1s a bit position index in the 1nitial
bit sequenee and n 1s a position index 1n the circular

bufler.
9. The non-transitory tangible

computer-readable storage

medium of claim 7, wherein the instructions for sequentially
selecting the bit sequence of the specified length from the
predefined starting position in the bit sequence in the cir-

cular bufler comprises:

instructions for sequentially selecting bits 1n an ascending,

order of mndexes from a predefined position 1n the bat
sequence 1n the circular buller;

instructions for reading from the predefined position to a

[

er; and

first end of the bit sequence in the circular bu

instructions for continuing the reading from a second end

[

of the bit sequence 1n the circular builer until the bit
sequence of the specified length 1s read.

% o *H % x
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